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Vision aids include detectors 
and rangefinders as well as 
assistive Braille technologies. 
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Better 
algorithms 
and affordable 
computing 
power are 
making extended 
speech more 
common. 
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LabWindows?/CVI 
The Programming Power of C, the Development Ease of BASIC 


instrumentation — the interactive approach. With 

LabWindows/CVI, you harness the power and 
flexibility of ANSI C through easy-to-use interactive 
code-generation tools. LabWindows/CVI is an ANSI C 
programming environment with GUI objects, 
instrumentation libraries, data analysis functions, and 
utilities specifically designed for data acquisition and 
instrument control systems. 


D iscover a new approach to C programming for 


Interactive Development 
As an instrumentation system developer, you need quick 
results. With LabWindows/CVI function panels, you can 
interactively acquire data from plug-in boards, or control 
GPIB, VXI, and RS-232 instruments 
without writing a single line of code. 
Then, use function panels to generate 
code automatically and jump start 
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C Programming Flexibility 

LabWindows/CVI is more than just interactive tools to 
make programming easier. With LabWindows/CVI, you 
have the power and flexibility of ANSI C at your finger- 
tips, so you can be assured that it is fast enough, powerful 
enough, and flexible enough to get your job done. Plus, 
the integrated LabWindows/CVI environment has the 
advanced editing, compiling, and debugging tools you 
expect. Combining the power of ANSI C with an interac- 
tive, BASIC-like development environment results in true 
programming productivity. 


You don’t have to sacrifice ease of use when you program 
in a standard language anymore. 


Call for a FREE 
LabWindows/CVI 
demo disk 
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AUG 9. Walt Disney Co., Bur- 
bank, Calif., said it would join 
with Ameritech, BellSouth, 
and Southwestern Bell in pro- 
viding video services to homes. 
The four said the services being 
planned include existing broad- 
cast and satellite-TV program- 
ming, plus movies, interactive 
home shopping, and, to give cus- 
tomers easy access to the offer- 
ings, an on-screen navigator. 


AUG 15. Digital Equipment 
Corp., Maynard, Mass., said it 
had built the first commercially 
available microprocessor that 
can tackle more than a billion 
instructions a second, or more 
than twice as many as the 
fastest competing chips. The 
9.3-million-transistor Alpha 
21164 performs at 300 MHz 
using a four-way superscalar 
design. It uses over 40 W and 
measures 16.5 mm by 18.1 mm. 


AUG 16. Kansai Electric Pow- 
er Co., Osaka, Japan’s second- 
largest electric utility, said it 
had overhauled and restarted 
its 500-MW pressurized-water 
nuclear reactor at Mihama. The 
22-year-old reactor had been 
shut down for over three years 
after its primary cooling system 
released 55 tons of radioactive 
water into the secondary sys- 
tem that powers its turbine. 


AUG 17. Thinking Machines 
Corp., Cambridge, Mass., said it 
would seek Chapter 11 bankrupt- 
cy protection after an unsuc- 
cessful 10-month effort to nego- 
tiate a sale of all or part of the 
company. The supercomputer 
pioneer said it had held talks 
with 20 companies in search of a 
solution to its financial problems. 


AUG 19. Wyse Technology 
Inc., San Jose, Calif., announced 
a joint venture with China’s 
Hospital Administration 
Institute to provide advanced 
computer systems that will help 
automate operations at as many 
as 200 000 Chinese hospitals. 


AUG 19. ABB Asea Brown 
Boveri Ltd., Zurich, said it and 








Newslog 


Tokyo partner Marubeni 
Corp. had won a US $733 mil- 
lion order to build a 1090-MW 
gas-and-oil-fired power station 
at Maura Tawar, in West Java. 


AUG 22. LDDS Communi- 
cations Inc., Jackson, Miss., 
said it would buy Wiltel, the 
telecommunications unit of the 
Williams Companies, Tulsa, 
Okla., for $2.5 billion. The 
acquisition of Wiltel’s national 
optical-fiber network will give 
LDDS its own transmission 
facilities for the first time. 
LDDS has made more than 
three dozen acquisitions and 
mergers in the last four years. 


AUG 22. Intel Corp., Santa 
Clara, Calif., and AT&T Corp. 
said they would work together 
on a videotelephone based on 
AT&T’s Worldworx videocon- 
ferencing network and Intel’s 
Proshare desktop videoconfer- 
encing system. Analysts saw 
the venture as an attempt to 
jumpstart the desktop video- 
conferencing market, though 
companies seem more drawn 
to group-oriented products. 


AUG 30. Lockheed Corp., 
Calabasas, Calif., and Martin 
Marietta Corp., Bethesda, 
Mad., said they plan to merge to 
form a defense-aerospace giant 
with annual sales of nearly $23 
billion. The new company, to 
be called Lockheed Martin, will 
focus on becoming competitive 
in the specialty areas of its par- 
ent companies—advanced mili- 
tary aircraft, electronics, and 
rockets. 


AUG 30. General Signal Corp., 
Stamford, Conn., and Reliance 
Electric Corp., Cleveland, Ohio, 
said they had agreed to merge 
in a $1.3 billion stock swap. The 
deal would permit the new com- 
pany to compete better in elec- 
trical equipment and telecom- 
munications worldwide. 


AUG 31. Tokyo District Court 
ruled that Fujitsu Ltd., Tokyo, 
was not infringing the patent 
covering the basic invention of 








the IC held by Texas Instru- 
ments Corp., Dallas. The court 
based its decision on the ground 
that the Kilby patent, as it is 
called, covers old technology not 
in use today. 


SEP 1. MCI Communications 
Corp., Washington, D.C., said it 
had ended a proposed $1.3 bil- 
lion deal with Nextel Com- 
munications Inc., Ruther- 
ford, N.J., the company on 
which it had based its plans for 
building a nationwide wireless 
telephone network. MCI said 
negotiations were severed be- 
cause of intractable disagree- 
ments with Motorola Inc., 
Schaumburg, Ill., a major Nex- 
tel shareholder that had veto 
power over a deal. 


SEP 1. Japan’s National 
Space Development Agency 
said it had abandoned attempts 
to nudge a $415 million, 2-ton 
research satellite into its proper 
orbit. Its Aug. 28 launch marked 
Japan’s first solo development of 
a geostationary satellite. The 
loss is a setback for the agency’s 
plans to enter the commercial 
satellite launching business. 


SEP 2. Russian space offi- 
cials said Lieutenant Colonel 
Yuri Malenchenko, commander 
of the orbiting Mir space sta- 
tion, manually docked a cargo 
spacecraft carrying supplies for 
keeping Mir operating. The 
commander, with little fuel left, 


| carried out the complicated, 


remote-controlled maneuver 
after two automated attempts 
failed earlier in the week. With 
no backup spacecraft immedi- 
ately available and only 10 days’ 
worth of food and water left on 
Mir, the Russian space pro- 
gram could have been at risk if 
Malenchenko had failed. 


SEP 5. Alps Electric Co., 
Tokyo, said it had agreed with 
South Korea’s Gold Star Ltd. 
to set up a 50-50 venture to 
develop next-generation thin- 
film—transistor liquid-crystal 
displays. The first Japanese 
and South Korean LCD joint 





venture, it will be located at 
Alps’ central research institute 
in Sendai, Miyagi Prefecture. 


SEP 5. Nikon Corp., Tokyo, 
said that its Nikon Technologies 
Division had developed an ultra- 
precise measuring instrument 
that is small enough to fit inside 
the specimen chamber of a 
scanning electron microscope. 
The components on the device 
all fit on a lightweight metal disk 
that is 10 cm in diameter and 2 
cm thick. The device can mea- 
sure 10-mm? specimens and 
0-10-{1m distances with 0.4-nm 
precision. 


SEP 6. MCI Communications 
Corp. announced a high-speed 
data service for large corpora- 
tions that will make use of 
asynchronous-transfer-mode 
switches. The digital network, 
to be in place by December, 
will allow companies with pri- 
vate communications networks 
to move voice, data, and video 
signals at up to 155 Mb/s. 


SEP 19. Sun Microsystems 
Inc., Burlingame, Calif., is 
scheduled today to announce its 
next-generation superscalar 
reduced-instruction—set com- 
puting microprocessor. The 64- 
bit Ultrasparc is the first imple- 
mentation of the advanced 
Sparc-V9 architecture. It in- 


cludes binary compatibility with 


previous Sparc processors and 
built-in multimedia support. 


Preview: 

OCT 24-27. The “Manufac- 
turing Science and Tech- 
nology Conference” will be 
held at the Colorado Con- 
vention Center in Denver in 
conjunction with the 41st 
National Symposium of the 
American Vacuum Society. 
Cosponsored by the IEEE, the 
conference will focus on micro- 
electronics manufacturing, 
including real-time diagnostics 
and control as well as process 
integration. For information, 
call 212-248-0200. 





Sally Cahur 





IEEE SPECTRUM OCTOBER 1994 











IEEE 





SPECTRUM 


PSERVICEOF MANKIND els MANKIND 


Technology combats 
disabilities 

By JOHN A. ADAM 

Engineering advances are steadily 
moving the disabled and elderly 
toward greater independence. In this 
issue, Spectrum begins a series of 
articles on the uses of electro- 


technology in the service of 
mankind. 


Advancing step by step 

By RUDI KOBETIC 

Electric stimulation is helping restore limited mobility and 
dexterity in arms and legs of persons with stroke or spinal 
cord injuries, as in the photo below. 


Cleveland Veterans Administration Medical Center 
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Appropriate technologies 
By GADI KAPLAN | 
The first articles in a new series on the application of technology to the needs of 
developing countries focus on photovoltaics, as exemplified in this electric 
power system for a home in Somalia. 


Siemens Solar GmbH 





Photovolts for villages 

By ERIK H. LYSEN | 
A relatively few successful applications of solar photovoltaic electric systems in_ | 
developing countries may open the door to massive worldwide deployment of 
similar systems, conditioned upon affordable financing schemes. 


Water from the African sun 

By SERGE MAKUKATIN 

One of the world’s most ambitious photovoltaic programs is pumping water 
from wells in the drought-prone Sahel region. An important side benefit is an 
infrastructure trained in installing and maintaining the systems. 





Homemade watts for rural India 

By TAPAN KUMAR BHATTACHARYA 

Subsidized by the government, about 62 000 stand-alone systems supply 
villages with power for lights, television, and pumping water. Commercial 
applications to remote VHF radiotelephone links and more are also opening up. 


Europe's supercollider project 


By WILLIAM SWEET | 
With the demise of the U.S. superconducting supercollider program, physicists | 
are focused on Europe's Large Hadron Collider project. This collider has a good 
chance of finding the Higgs boson, which would resolve at least one mystery of | 
matter. It may also yield a “new physics” beyond the current standard model. 
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55 Defense acquisition: 


grab the ax 

By CHARLES A. FOWLER 

Hefty strokes and the commitment of all 
concerned are needed if the Department of 
Defense’s acquisition system is ever to be 
made to work right. 


60 The lessons of 


optical storage 

By PRAVEEN ASTHANA 

The optical disk drive has been called both 
; a promising technology and a dismal 

| failure. Now that it may finally be taking 
off, the experience leaves a wealth of 
marketing tips for future high-tech stars. 





ee TeSSION 
67 Technical fitness 


By DAVID B. YOUST and 

LAURENCE LIPSETT 

Maintaining technical skills has a lot in 
common with staying in good physical 
shape: you must always be working at it. 





COVER: See p. 24. Illustration by Jeff Barcan. 


IEEE SPECTRUM OCTOBER 1994 











PROFILE 





70 Alfred Yi Cho 


By TRUDY E. BELL 

Love of art, attention to detail, and sheer 
hard work characterize the developer of 
molecular beam epitaxy. 
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Engineers for life 

Like many of you, I watch with horror the 
refugee predicament in Rwanda and Zaire. I 
cannot help but admire the good work per- 
formed by the aid agency Doctors without 
Borders (Les Médecins sans Frontieres). Is 
there a comparable organization for en- 
gineers, especially for IEEE members? If 
such a group exists, how do I contribute to it? 

If no such group exists, why not? I 
wonder just how many lives might be saved, 
and how much misery might be averted, if 
IEEE members united to provide emer- 
gency power for lighting, refrigeration, food 
preparation, and medical equipment. How 
much more effectively might services be de- 
livered with better emergency communi- 
cations? How many more families might be 
reunited with the aid of simple bulletin 
board services set up by members? Finally, 
given the organizational skills of engineers, 
how many crises might be averted? 

Ido not consider myself to be a do-gooder, 
but I do know when something needs to be 
fixed. Certainly a little sweat spent in 
Rwanda and other locations would diminish 
many myths the public holds about en- 
gineers. No task so important is easy, so Iam 
most interested in hearing from other 
members on this subject. My address is 3800 
Glen Eagles, #319, Uniontown, OH 44685. 

Scott Bugno 
Uniontown, Ohio 


RRL Se NG ABS OS DE IS 
Reduce, reuse, recycle 


In all the high-tech discussion of “‘Green’ 
refrigerators” [August, pp. 25-30], no men- 
tion was made of a technique I consider 
fairly obvious for energy use reduction in 
refrigeration. 

About $10 worth of components and some 
pipe could control a valve that connects to 
the outside. This valve would be micro- 
processor controlled and would suck in 
outside air when it was cold enough to re- 
frigerate or freeze. If this technique were 
used in the Midwest and Northeast (and 
much of Europe), energy consumption for 
refrigerators could be reduced to virtually 
nothing for three to five months a year. 

Naturally, there will be logistics problems 
in getting the air pipe to the outside, but it 
is certainly as viable a technique as acoustic 
refrigeration, and it is available now. 

Brian Lowe 
Libertyville, Ill. 


It was very refreshing to read the articles 
on electronics recycling. I am vice president 





Forum 


of Hobi International Inc., an electronics re- 
cycling corporation. Although at Hobi we 
apply sound engineering principles in the 
design of our recycling system, sometimes I 
feel as if I have fallen off the technology 
road map. 

Little has been written about electronics 
recycling in any technical publication, but it is 
a significant problem. Through efforts by cor- 
porations and industry professionals, this po- 
tential environmental nightmare could be 
avoided without the limitations of further gov- 
ernment regulations. I would hope that the 
IEEE would continue to develop industrywide 
interest on this subject to promote corporate 
involvement and technical collaboration. 

Craig Boswell 
West Chicago, Ill. 


ES PSS SAL SR, 
Update on standards 


The May article on “The FCC on personal 
wireless” [pp. 39-46] was both interesting 
and informative. However, as chairman of 
the Technical Subcommittee (T1P1) in 
Committee T1, with the principal responsi- 
bility for PCS [personal communications 
services] standards development, I found 
the box “Standards in turmoil” somewhat 
misleading and not current in standards de- 
velopment activity. 

The Personal Communications Industry 
Association is not a standards development 
organization (SDO) and to my knowledge no 
serious consideration is being given to 
turning it into one. It is in fact an association 
that, among other tasks, develops high-level 
standards requirements documents as in- 
puts to such standards groups as Committee 
T1 and the Telecommunications Industry 
Association. 

The box also refers to a group promoting 
CDMA Icode-division multiple-access]. This 
was an advocacy group aiming to promote 
its choice in SDOs, not to develop standards. 

The impression given that all these 
groups compete with each other is erro- 
neous. Following a recent industry trend 
toward “hot” technologies, user groups and 
industry associations have sprung up along 
with the SDOs. Ideally these groups and as- 
sociations should complement the SDOs, 
providing user requirements and implemen- 
tation agreements, if necessary. The sit- 
uation is clearly complex but not in turmoil. 

Committee T1 recognized early on the 
complex multi-forum nature of PCS stan- 
dards and, in forming the T1P1 subcom- 
mittee, gave it a mandate for standards 
planning and program management as well 
as for standards development. With partici- 





pation from the two industry associations 
and the IEEE, a comprehensive Program 
Management Plan has been published (Issue 
3, April 1994) and made available to the Fed- 
eral Communications Commission. 

The Joint Technical Committee (JTC) is 
an innovative cooperative effort between T1 
(T1PV) and the Telecommunications Industry 
Association (TR 46) to develop air interface 
standards for PCS. Initial objectives support 
voice at wireline quality, voiceband data (9.6 
kb/s), and digital data (64 kb/s using channel 
aggregation). Of the 16 original proposals, 
seven remain after consolidation. 

In order to meet industry needs, the Pro- 
gram Management Plan called for docu- 
menting the seven technologies this year in 
a series of technical reports for use by po- 
tential service providers participating in the 
planned auctions. Feedback from these 
providers will then facilitate selection of a 
subset of the seven technologies for later 
standardization. 

Based on such feedback and agreed-upon 
performance criteria, standards on selected 
technologies are planned for the fourth quar- 
ter of 1994 through the fourth quarter of 
1995. This window takes into account the 
different level of maturity associated with 
each proposal. 

The T1 program, in addition to the air in- 
terface, covers service descriptions, inter- 
faces, network signaling, and performance. 

And, in a final clarification: Committee T1 
is sponsored by the Alliance for Telecom- 
munications Industry Solutions (ATIS) in 
Washington, D.C., and not the American 
National Standards Institute. The latter is 
the accrediting organization for U.S. stan- 
dards developers and actually prints the 
standards that T1 develops. Approximately 
1200 scientists and engineers participate in 
Committee T1, representing more than 100 
companies that are voting and observer 
members. The majority of Tl members are 
not exchange carriers. 

Mel Woinsky 
Washington, D.C. 


FE a ET 
Apollo's history 


As supervisor of a guidance and navigation 
group on Apollo and Apollo applications at 
North American Aviation, I was particularly 
interested in the article “L + 25: a quarter 
century after the Apollo landing” [July, pp. 
16-29]. It was quite comprehensive and ac- 
curate when compared with other accounts 
in the general literature. 

However, there is a glaring omission in 
this account, as there is in Angle of Attack, 
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There are a number of reasons this 
HP DMM outperforms a Fluke. 





Price & Performance ae EN 
Digits 6% 

Price $995* 
Speed (readings/second) 1,000 

dc 1 Year Accuracy 0.0035% 
ac 1 Year Accuracy 0.06% 

ac Bandwidth 


3 Hz to 300 kHz 


The numbers are clear: 
you get performance 
within budget, without 
compromise. 


For less than the cost of 5% 
digits from Fluke, you can have 
the 6% digit HP 34401A. And 
with more than twice as many 
measurement functions, you'll 
have more ways to tackle your 
test challenges. 


Looking for speed? Technology 
leveraged from our 8/2 digit 
DMM and custom ICs deliver 
up to 1,000 readings every 
second. That’s up to 10 times 
faster than the Fluke. 


Add up the numbers. . . lower 
price, higher performance, more 
capability, plus a longer warranty. 


0.0030% 
0.08% 
20 Hz to 100 kHz 








aU Cems CaAVtshs) Features & Functions CLE. Fluke 8842A/059 
5k Measurement Functions 12 5 

$1570** Programming Fluke 8840A/42A, Fluke 8840A/42A 
100 Languages SCPI, HP 3478A 






Internal Storage 
Interfaces 
Warranty 


Now the only other number 
you need is the one on our 
telephone. 


Call HP DIRECT and discuss 
your application with an 
experienced engineer who 
understands the measurements 
you need to make. We have 
hands-on experience with 

HP instruments, and we can 
help with everything from 
comparing specs to solving 
specific test needs. And 

ask about HP 34812A 
BenchLink/Meter software, 

a $150* solution that makes it 
easy to transfer data from your 
HP 34401A DMM to a PC. 
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Call me at HP DIRECT 
to discuss the best DMM 
for your application. 
1-800-452-4844, 
Ext. 8635. 





* U.S. list price as of 7/94. ** Price includes GP-IB and ac options. 
In Canada, call 1-800-387-3867, Dept. 495. 
All Fluke prices and specifications are as of 6/94. 


There is a better way. 
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the biography of the North American Apollo 
program manager Harrison Storms. 
Contrary to the impression left by these 
accounts, the primary navigation system was 
not the on-board one but ground based. Two 
useful references are “Analysis of Radio- 
command Mid-course Guidance,” by A. R. 
M. Noton, E. Cutting, and F. L. Barnes, JPL 
Technical Report, September 1960, pp. 
32-38, and “Space Guidance,” by C. R. Gates, 
J. R. Scull, and K. W. Watkins, Astronautics, 
Vol. 6, November 1961, pp. 24-27 and 64-72. 
The Jet Propulsion Laboratory’s ground- 
based S-band radar system, used in Apollo 
tracking and navigation, was thoroughly 
tested on the lunar orbiter mission and other 
missions in 1966-67. It proved to be highly 
accurate and reliable. Without it, the Apollo 
goals would not have been obtainable. 
H. Stephen E. Schloss 
Beverly Hills, Calif. 


LT aT ETT, 
More about MIDI 


In “Multimedia audio for less” [July, p. 59], 
the author states that sound stored in the 
MIDI format is technically superior to other 
formats for generating high-quality sound. 
But a digital recording of a piece of music 
delivers a much higher-quality sound than a 
reproduction via MIDI! 

And if “generating” is restricted to music 
produced by synthesis, the author probably 
means that wavetable synthesis delivers 
higher-quality sound than FM synthesis— 
for MIDI is just a format and can be repro- 
duced via any soundcard on the market, in- 
cluding those lacking a synthesizer. A D/A 
converter is sufficient. 

What is meant by “from MIDI to the 
lower-cost WAV formats”? WAV files are 
among the most inefficient formats for stor- 
ing audio, while MIDI is among the most ef- 
ficient. In fact, MIDI is the lower-cost for- 
mat, providing multimedia developers with 
more leeway than the WAV format. 

As for price, Soundblaster clones cost 
$29-$49, not $100-$150. For that price one 
can get a wavetable synthesis card—the 
author’s “MIDI card”—which need not cost 
$350-$500. Anyone who wants to spend 
money might be better advised to consider 
the Media Vision Pro 3-D soundcard, which 
sells for $279-$299 and (as of July 30) was 
a state-of-the-art soundcard. 

Daniel R. Tauritz 
Leiden, the Netherlands 


SS EE PS 
Coping with complexity 
I found the response by Wade D. Peterson 


[August, p. 4] to “Measure the steps to 
success” [June, pp. 33-38] to be typical of 





project managers who would rather do and 
redo instead of plan. 

Few project managers are taught their 
trade, but rather learn by trial and error. My 
experience has been that flying-by-the-seat- 
of-the-pants (what Peterson terms “simple 
rules of thumb”) is preferred by project 
managers who want to “get things done,” so 
that they can show their management im- 
mediate progress. 

Spending time in upfront planning and 
executing that plan in a structured manner 
takes more time early in the process, and 
therefore requires faith that the cycle time 
will be reduced and money saved. It would 
probably also take a lot of arguing with most 
company vice presidents—who have come 
up through the ranks like Peterson—and 
would put the project manager’s job in 
jeopardy. 

I think it interesting that the projects 
Peterson mentions (the atomic bomb, the 
Panama Canal, and the creation of strepto- 
mycin) are all 50 to 80 years old. It is a shame 
that while technology has come so far since 
then, project management remains the 
same and apparently, according to Peterson, 
can go no further than a few rules of thumb. 

The framework put forward by Wayne 
A. Mackey and John C. Carter is an excel- 
lent vehicle for new project managers to 
use. Just as Peterson said, they will have to 
rely on leadership, but communication and 
accountability are inherent in the Mackey- 
Carter design, while tenacity is a trait that a 
project manager had better possess, and 
simplicity applies more to Peterson’s think- 
ing than to any of the complex projects he 
mentioned or that current project man- 
agers have responsibility for. 

Michael A. Ferraro 
Alexandria, Va. 


EY a a SE 
Smart networks 


I have some comments to make on Reza S. 
Raji’s response to my letter [August, p. 4]. 
Regarding the MMS acronym: it should be 
the Manufacturing Message Specification not 
the Manufacturing Messaging Service. 

I do not dispute the facts of Raji’s article. 
What I do dispute is the scope and objec- 
tivity. Just as any article can be construed as 
biased, any claim can be proven by selec- 
tively including or excluding data. 

Ihave not focused on the author’s level of 
involvement in the industry as claimed. My 
focus was on the author’s objectivity based 
on his financial involvement with one of the 
products being compared. (It’s like asking a 
father who is the best player on his son’s 
baseball team.) 

The author claims that “a thorough and 
complete analysis can only be properly done 
by someone who is involved in the field.” 
MMS, however, has been a heavily used 
control protocol within the manufacturing 








industry for years, both in the United States 
and overseas. 

The Electric Utility Industry established 
the MMS Forum approximately two years 
ago to address its application in all aspects 
of command and control within the utility 
industry. The forum has met seven times 
and has 438 participants on record as reg- 
istered attendees. Of those, 170 are from 
utility companies. The others are vendors, 
suppliers, and consultants to the industry. 

Interestingly enough, Echelon [Raji's em- 
ployer] has one name on the list and has at- 
tended one forum. This would imply that 
Echelon is aware of the effort to adopt MMS 
as a ubiquitous control protocol but is not in- 
volved. By Raji’s own words, it would seem that 
his article could not have been a “thorough and 
complete analysis” [that was] “properly done”! 

As for the use of MMS over LonWorks, 
people are trying to put MMS over a lot of dif- 
ferent stacks. The fact remains, however, that 
MMS was designed to be used on top of the 
OSI [open systems interconnection] protocol 
stack and is closely coordinated with stan- 
dards bodies that control the lower layers. 

So, unless Echelon is an active participant 
in the Open Implementors Workshop run by 
the National Institute of Standards and Tech- 
nology, and unless LonWorks conforms to the 
Stable Agreements produced by the vendors 
at the workshop who truly are trying to build 
robust and interoperable solutions, the result 
of a LonWorks “port” will still be closed, non- 
interoperable, and proprietary. 

Finally, just as with any proprietary sys- 
tem, the users have to pay. The fee may not 
be a “royalty” as such. Two of my associates 
who are familiar with LonWorks (one inside 
the company that manufactures the chip) 
confirm that the protocol cannot be used 
without either purchase of the chip set 
(which is proprietary to Echelon), or pay- 
ment of a fee of some sort to Echelon. 

Joe Waggoner 
Richardson, Texas 


1 As ROS, ee 
Corrections 


On p. 20 of the August issue, Fig. 1 should 
have been attributed to J. Ertel, “Current 
Technologies for the Valorisation of PCBs 
and Electronic Waste,” Proceedings of the 
International Symposium on Electronics 
and the Environment (EEE, Piscataway, 
N.J., 1994). Figure 2 should have been at- 
tributed to Patricia S. Dillon —Ed. 





Readers are invited to comment in this department 
on material previously published in /EEE Spectrum, 
on the policies and operations of the IEEE, and on 
technical, economic, or social matters of interest to 
the electrical and electronics engineering pro- 
fession. Contact: Forum, /EFE Spectrum, 345 E. 
47th St., New York, NY 10017, U.S.A.; fax, 212- 
705-7453. The e-mail (Internet) address is 
n.hantman@ieee.org. 
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Books 





Hacker’s how-to 
Mihai Nadin 





Secrets of a Super 
Hacker. 

The Knightmare, 
Loompanics Unlimited, 
Port Townsend, Wash., 
1994, 205 pp., $19.95. 











“Code Crackers Not Crooks, Professor 
Says.” The headline perched atop an 
Associated Press story, and went on to say: 
“Tf a professor could have his way, hackers 
who crack top-secret computer codes would 
not be regarded as crooks but as eloquent 
manipulators of their favorite language.” 

For the record, I was the professor, and 
the sentiments expressed actually were 
more or less mine. In view of this history, 
my reading of this self-described “ency- 
clopedic account of the methods by which 
security is breached and systems pene- 
trated” might be perceived as biased. 
Readers, beware. 

It has not been so long since hackers 
were celebrated. John Badham’s motion 
picture War Games (1983) opened the 
gates to many of the now-familiar 
stereotypes regarding hackers. Youngsters 
even began aspiring to hacking and phone- 
phreaking rather than fire-fighting or space 
exploration. Then followed, unsurprisingly, 
the demonization of the hacker. 

Laws were hastily written, and hackers 
were apprehended and sentenced. Just re- 
cently, as I was reading this book, unrelated 
incidents involving students from Brown 
University and the Massachusetts Institute 
of Technology (MIT) brought hacking back 
into the news. Hacker activity on the fast- 
expanding Internet, meanwhile, has pro- 
voked calls for tighter rules and control of 
network users. If the subject matter of the 
book was not sensational enough already, 


then recent events have only elevated its 


profile. Youngsters, take note: computer se- 
curity is a field of fast market growth and 
technological innovation. 

The author declares a hacker to be some- 
one “ with an intense love of something, be 
it computers, writing, nature, or sports. A 
hacker is a person who, because he or she 
has this love, also has a deep curiosity about 
the subject in question.... For a computer 
hacker that means he respects the ability of 
computers to put him in contact with a 
universe of information and other people, 





and it means he respects those other people 
and does not intentionally use this 
knowledge of computers to be mischievous 
or destructive.” 

This seems so disingenuous that I cringe. 
It comes from the same person proclaimed 
on the back cover, in big, bold type, as “every 
security manager’s worst nightmare!” 

Inside, we read about “brute force 
attacks,” which refer to “hurling passwords 
at a system until it cracks”; “spoofing,” 
which is “designing dummy screens and de- 
livering fake e-mail”; decryption of 
password files; and “stair-stepping,” which 
means using a “low-level account to gain 
ever-higher levels of access.” 

We also read how to sort through trash 
(after scavenging, “take a shower when you 
get home,” the author advises), and how to 
examine found disks and screen shots. 
Snooping and “shoulder surfing,” in which “a 
hacker looms over the shoulder of a legiti- 
mate user that logs on to a computer sys- 
tem,” are also described. In between, the 
author sketchily outlines elementary 
notions of access control, communication 
software, modems and speed, bar codes, 
computer viruses, and so on. 

The main message, with which the book 
closes, is: “Don’t get caught!” The message 
is amplified with a list of things to avoid— 
the “five ways you, the hacker, can get 
caught hacking: 1. by traces or technical 
means, 2. by being finked on, 3. by getting 
many agencies ganged up against you, 4. by 
making a mistake, or 5. by being [rec- 
ognized].” If hacking merely expresses love 
for computers, and if hackers are so re- 
spectful, why worry about being caught? 

This is a book that delivers a mixture of 
methods and ideas for breaking into other 
people’s systems, and then follows that up 
with a code of ethics. Though this code em- 
phasizes individual responsibility, some of its 
elements are controversial. To his (or her) 
credit, The Knightmare does address some 
of the big, difficult questions: access to in- 
formation; the appropriate use of tech- 
nology to empower people and not restrict 
their creativity or liberties; individual rights 
regarding data pertinent to people’s lives; 
and a system of checks and balances in the 
digital domain, especially in the use of and 
commerce in databases affecting an indi- 
vidual’s right to privacy. 

“It is pointless,” the author writes, “to 
raise the issue of ‘Do you honestly think you 
can justify snooping with your loopy code of 
ethics?’ ” A good point, and this brings up 
the central issue of such a book. Hacking, as 
the author notes, can be considered an ex- 

(Continued on p. 9) 
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1984), still the best book on the subject, 
Steven Levy noted that in the early 1960s, 
“a project undertaken or a product built not 
solely to fulfill some constructive goal, but 
with some wild pleasure taken in mere in- 
volvement, was called a ‘hack.’ ” Levy added 
that “the artistry with which one hacked 
was recognized to be considerable.” 
Programming was coming of age, and Peter 
Samson’s code that converted Arabic into 
Roman numerals was one of the more cele- 
brated hacks. At the annual MIT open 
house in May 1962, hackers fed into a PDP- 
1 minicomputer paper tape with 27 pages 
worth of assembly language code com- 
prising a science fiction game written by 
students. Thus the interactive game was 
born—as a hack. 

“We are prigs. We are intolerable aes- 
thetes,” wrote one hacker. The species be- 
lieved in the art of programming, and their 
obsession was not with the “salami 
technique” of stealing money (briefly men- 
tioned in the book) or with piracy. Scientific 
and technological motivations meshed with 
social and political values, some childish, 
others deeply visionary. There is no reason 
to idealize the romantic age of computation 
or to trivialize the driving force behind 
hacking, even if today’s scientific and tech- 
nological motivations are in fact quite dif- 
ferent from those of the past. 

The point is that there is a cognitive and 
an aesthetic dimension to hacking that sep- 
arates it from the techniques of phreaking 
(breaking into the telephone system in 
order to use it for free) or cracking (hacking 
without respect for the computers being 
hacked, according to The Knightmare). 
Thus the author is right in asserting that 
hacking is not only a matter of digital tech- 








ic frameworks. As science becomes 
more and more computational, we need to 
come up with a better understanding of the 
nature of human activity in the Information 
Age. The New Frontier Foundation, men- 
tioned in this book, is probably best equip- 
ped to help in this respect. 

Nomadic computation, voice and hand- 
writing recognition, living and working on 
the information grid, and virtual reality are 
the new territory of what hacking used to 
be. Unfortunately, they are not to be found 
in this book. On the contrary, readers might 
wonder why The Knightmare pays so much 
attention to MS-DOS (Unix is mentioned, 
too), when so much of today’s computation 
takes place on other platforms. 

Client-server structures are quite dif- 
ferent from old-style, centralized main- 
frame systems, even for a hacker bent only 
on “getting in.” Surprisingly, the book also 
repeats some tired stereotypes, identifying 
hackers by their “thick glasses, modest 
height [and] fanatic taste for computers, bad 
movies, and pulp science fiction.” It’s as bad 
as the social engineering described by the 
author in absurd detail. 

Media coverage of hacking has focused 
on penetrations of networks carrying sen- 
sitive information, intrusions into pro- 
prietary files, and piracy. It ignores in- 
triguing or innovative ideas and broader 
motivations. On a smaller scale, this book 
does the same thing. The most that happens 
in this self-described super hacker’s account 
is a penetration of a library system with dial- 
up access. 

A computer hacker needs to understand 
how computers work, to study them, to 
learn programming. So it struck me as in- 
credible that Secrets of a Super Hacker con- 
tained no technical information of which I 
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manipulators of their favorite language.” 

For the record, I was the professor, and 
the sentiments expressed actually were 
more or less mine. In view of this history, 
my reading of this self-described “ency- 
clopedic account of the methods by which 
security is breached and systems pene- 
trated” might be perceived as biased. 
Readers, beware. 

It has not been so long since hackers 
were celebrated. John Badham’s motion 
picture War Games (1983) opened the 
gates to many of the now-familiar 
stereotypes regarding hackers. Youngsters 
even began aspiring to hacking and phone- 
phreaking rather than fire-fighting or space 
exploration. Then followed, unsurprisingly, 
the demonization of the hacker. 

Laws were hastily written, and hackers 
were apprehended and sentenced. Just re- 
cently, as I was reading this book, unrelated 
incidents involving students from Brown 
University and the Massachusetts Institute 
of Technology (MIT) brought hacking back 
into the news. Hacker activity on the fast- 
expanding Internet, meanwhile, has pro- 
voked calls for tighter rules and control of 
network users. If the subject matter of the 
book was not sensational enough already, 


then recent events have only elevated its" 


profile. Youngsters, take note: computer se- 
curity is a field of fast market growth and 
technological innovation. 

The author declares a hacker to be some- 
one “ with an intense love of something, be 
it computers, writing, nature, or sports. A 
hacker is a person who, because he or she 
has this love, also has a deep curiosity about 
the subject in question.... For a computer 
hacker that means he respects the ability of 
computers to put him in contact with a 
universe of information and other people, 





Snooping and “shoulder surting,” m which “a 
hacker looms over the shoulder of a legiti- 
mate user that logs on to a computer sys- 
tem,” are also described. In between, the 
author sketchily outlines elementary 
notions of access control, communication 
software, modems and speed, bar codes, 
computer viruses, and so on. 

The main message, with which the book 
closes, is: “Don’t get caught!” The message 
is amplified with a list of things to avoid— 
the “five ways you, the hacker, can get 
caught hacking: 1. by traces or technical 
means, 2. by being finked on, 3. by getting 
many agencies ganged up against you, 4. by 
making a mistake, or 5. by being [rec- 
ognized].” If hacking merely expresses love 
for computers, and if hackers are so re- 
spectful, why worry about being caught? 

This is a book that delivers a mixture of 
methods and ideas for breaking into other 
people’s systems, and then follows that up 
with a code of ethics. Though this code em- 
phasizes individual responsibility, some of its 
elements are controversial. To his (or her) 
credit, The Knightmare does address some 
of the big, difficult questions: access to in- 
formation; the appropriate use of tech- 
nology to empower people and not restrict 
their creativity or liberties; individual rights 
regarding data pertinent to people’s lives; 
and a system of checks and balances in the 
digital domain, especially in the use of and 
commerce in databases affecting an indi- 
vidual’s right to privacy. 

“Tt is pointless,” the author writes, “to 
raise the issue of ‘Do you honestly think you 
can justify snooping with your loopy code of 
ethics?’ ” A good point, and this brings up 
the central issue of such a book. Hacking, as 
the author notes, can be considered an ex- 

(Continued on p. 9) 
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(Continued from p. 8) 
pression of passion. But is it also exempt 
from moral and social constraints? 

As Ken Thompson received the Turing 
award for his co-invention of Unix—the 
most hacked operating system—he made a 
point of explaining his attitude toward 
hackers: “The acts performed by these kids 
are vandalism at best and probably trespass 
and theft at worst. It is only the inadequacy 
of the criminal code that saves the hackers 
from very serious prosecution.” 

I wish the words were not his. Although 
Thompson’s statement does indeed apply 
to many hacking cases—including most of 
the activities described by The Knigh- 
tmare—he misses the critical point. In 
fact, Turing himself would have been jailed 
if the criminalizing of code breaking had 
been applied to him. This requires elabo- 
ration, because the book I am reviewing 
misses this same point, too, but from the 
opposite direction. 

In Hackers (Anchor Press/Doubleday, 
1984), still the best book on the subject, 
Steven Levy noted that in the early 1960s, 
“a project undertaken or a product built not 
solely to fulfill some constructive goal, but 
with some wild pleasure taken in mere in- 
volvement, was called a ‘hack.’ ” Levy added 
that “the artistry with which one hacked 
was recognized to be considerable.” 
Programming was coming of age, and Peter 
Samson’s code that converted Arabic into 
Roman numerals was one of the more cele- 
brated hacks. At the annual MIT open 
house in May 1962, hackers fed into a PDP- 
1 minicomputer paper tape with 27 pages 
worth of assembly language code com- 
prising a science fiction game written by 
students. Thus the interactive game was 
born—as a hack. 

“We are prigs. We are intolerable aes- 
thetes,” wrote one hacker. The species be- 
lieved in the art of programming, and their 
obsession was not with the “salami 
technique” of stealing money (briefly men- 
tioned in the book) or with piracy. Scientific 
and technological motivations meshed with 
social and political values, some childish, 
others deeply visionary. There is no reason 
to idealize the romantic age of computation 
or to trivialize the driving force behind 
hacking, even if today’s scientific and tech- 
nological motivations are in fact quite dif- 
ferent from those of the past. 

The point is that there is a cognitive and 
an aesthetic dimension to hacking that sep- 
arates it from the techniques of phreaking 
(breaking into the telephone system in 
order to use it for free) or cracking (hacking 
without respect for the computers being 
hacked, according to The Knightmare). 
Thus the author is right in asserting that 
hacking is not only a matter of digital tech- 











nology. But after stating this in the book’s 
opening, he or she abandons any pursuit of 
broader issues. Sensationalist expositions of 
methods (some disputable, some ingenious, 
none new) obscure the more fundamental 
question of why people hack. 

The desire to understand is a basic one, 
and is the downfall of all sorts of barriers to 
knowledge. Social, cultural, economic, and 
genetic codes have all been broken, leading 
me to believe that writing laws that crimi- 
nalize hacking, without taking into account 
the specific nature of computer knowledge 
and access to it, is as ill-advised as writing a 
book on the so-called “secrets of a super 
hacker.” Societies scared of hackers to the 
point of criminalizing them lose more than 
they think they gain by doing so. Gareth 
Branwyn, who knows quite a bit about the 
subject, provides good arguments along this 
line in the book’s introduction. 

The author frequently comments on ob- 
solete statutes regarding computer crime. 
However, the break-in methods described 
are similarly anachronistic, carrying over 
fundamental misconceptions from previous 
pragmatic frameworks. As science becomes 
more and more computational, we need to 
come up with a better understanding of the 
nature of human activity in the Information 
Age. The New Frontier Foundation, men- 
tioned in this book, is probably best equip- 
ped to help in this respect. 

Nomadic computation, voice and hand- 
writing recognition, living and working on 
the information grid, and virtual reality are 
the new territory of what hacking used to 
be. Unfortunately, they are not to be found 
in this book. On the contrary, readers might 
wonder why The Knightmare pays so much 
attention to MS-DOS (Unix is mentioned, 
too), when so much of today’s computation 
takes place on other platforms. 

Client-server structures are quite dif- 
ferent from old-style, centralized main- 
frame systems, even for a hacker bent only 
on “getting in.” Surprisingly, the book also 
repeats some tired stereotypes, identifying 
hackers by their “thick glasses, modest 
height [and] fanatic taste for computers, bad 
movies, and pulp science fiction.” It’s as bad 
as the social engineering described by the 
author in absurd detail. 

Media coverage of hacking has focused 
on penetrations of networks carrying sen- 
sitive information, intrusions into pro- 
prietary files, and piracy. It ignores in- 
triguing or innovative ideas and broader 
motivations. On a smaller scale, this book 
does the same thing. The most that happens 
in this self-described super hacker’s account 
is a penetration of a library system with dial- 
up access. 

A computer hacker needs to understand 
how computers work, to study them, to 
learn programming. So it struck me as in- 
credible that Secrets of a Super Hacker con- 
tained no technical information of which I 
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was not already aware. Instead of holding 
this against the writer or publisher, I would 
like to turn it into a final observation. 

To hack means to be on the frontier, on 
the border. In computer science and tech- 
nology, this border is constantly being pushed 
back, and at a tremendous pace. In truth, a 
good “how to” book cannot be written on 
hacking, because with each new hack, a 
higher level of knowledge is reached that re- 
quires newer methods to surpass. To explain 
hacking, therefore, is to explain it away. 


Mihai Nadin (SM) heads the computational design 
department at the University of Wuppertal in 
Germany. Previously, he was eminent scholar in 
art and design technology at Ohio State University 
in Columbus. One of the early researchers in 
computer graphics in Europe, he is the author of 
Mind Anticipation and Chaos (Belser Publishers, 
1991) and a just-completed work, Civilization of 
Illiteracy, as well as many articles. 


A painstaking fuzzy primer 
(oe Altnether 


ate aah ete tie y 





Logic can be broadly divided into two dis- 
tinct types: the strict, formal Aristotelian 
logic that is used to prove an assumption, 
and the less rigid logic we all use every day. 

Aristotelian logic is dichotomous—an 
element either belongs to a set or it does 
not. Simultaneous membership in a “true” 
set and a complement set is forbidden by 
the law of non-contradiction. An animal 
cannot be a cow (in other words, a member 
of the set of cows) as well as a dog (a non- 
cow) at the same time. 

Computer technology today is based on 
this logic. Ones and zeros comprise two 
different sets. Precise data input, from 
files or sensors, say, complements this 
methodology. 

Human beings, however, have imprecise 
sensors. True, the ear and eye can both dis- 
tinguish and perceive subtle differences, but 
neither can provide an exact value of the fre- 
quency heard or color seen. Because of this 
fuzziness, there is an inherent uncertainty in 
an element’s membership in a set. If I ask 
someone to turn the air conditioner down a 
little, he or she will probably comply with my 
request, vague though it is. How many 
degrees is “down a little”? For that matter, 
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what does “down a little” actually mean? 
Does it mean to reduce the temperature and 
make it colder, or does it mean to reduce the 
output and make it warmer? 

The relationship between humans and 
machines has been frustrated by the dis- 
parity between human and machine logic. 
Fuzzy logic was developed as a means of 
coping with the inherent imprecision and 
vagueness of many classes of problems. 
Now, after languishing in the wings for 
several years, it has been thrust onto center 
stage, the subject of intense curiosity and 
scores of books. The books can be divided 
into three categories: all theory; quickies 
that give a first level of understanding; and 
practical applications by the few who have 
had hands-on experience with the topic. 
Fortunately, Earl Cox’s book is in this third 
category. 

Fuzzy logic can be a solution methodology 
for both event-control and information man- 
agement applications. Many of the examples 
and books on fuzzy logic have so far focused 
on the event-control applications. Cox, on 
the other hand, draws on his experience in 
information management and uses these ap- 
plications as examples. This topic has re- 
ceived scant attention until now. 

The book concentrates on information 
handling and decision-making and, fortu- 
nately, is general enough for the material to 
be applicable to control systems as well. 
Control applications are directly addressed 
in a mere two pages, in which the Mandami 
fuzzy control of a steam turbine is com- 
pared with a proportional-integral-deri- 
vative routine. Cox’s perspective on control 
applications would have been welcome. 

It seems these days that all technical 
books must include a disk of software, and 
this one is no exception. The difference, 
though, is that the software included with 
this book is not of the demo variety. The 
book balances well-written explanations of 
fuzzy concepts with the listing of included 
software (along with explanations). Each of 
the concepts, and even the software to use 
the concepts, is explained. Finally, examples 
of output are illustrated. 

The primer’s 10 sections, which I hesitate 
to call chapters, range in length from 20 to 
107 pages. While it is proclaimed a “practi- 
tioner’s guide,” the book actually begins 
with simple ideas, assuming no substantive 
knowledge of fuzzy logic. The first half- 
dozen sections cover the basic concepts 
needed to model a fuzzy system, while the 
last four focus on fuzzy models, case studies, 
the building of fuzzy systems, and the use of 
fuzzy code libraries. Each of the sections 
begins with a brief outline of the topics to be 
discussed, and builds in logical fashion on its 
predecessors. 

In the first one, for example, Cox dis- 
cusses “the rationale behind fuzzy model- 
ing,” and then goes on to introduce “the 
ideas of fuzzy set and a linguistic variable, 








differentiate between fuzzy logic and the 
more general area of approximate reason- 
ing, trace the history of fuzzy set theory and 
outline the benefits of using fuzzy logic in 
information system modeling.” 

The second section moves into a general 
discussion of imprecise information and sets 
forth the concept that fuzziness is an in- 
tegral part of continuous spectrum data. In 
the third section, the concepts of fuzzy logic 
and fuzzy sets are developed. Classical, or 
Boolean, logic and fuzzy logic are clearly de- 
lineated. Only one topic remains before the 
elements of modeling can be introduced, 
and that is hedges. Analogous to adverbs, 
hedges permit the designer to model the se- 
mantics of the problem. 

Beginning in section six, the concepts of 
earlier sections are integrated to develop a 
methodology for modeling fuzzy reasoning 
systems. For the sake of completeness, the 
concepts of approximate reasoning and 
fuzzy theory are linked. 

The next section puts the theory into 
practice. Fuzzy modeling software is discus- 
sed, and fuzzy model structure and model- 
ing techniques are combined to use the 
concepts of the preceding chapters. 

Section eight is the heart of the book. Of 
its several case studies, the previously men- 
tioned steam turbine is given first, but the 
decision problems are the most interesting. 
For instance, one develops a pricing model 
for a new product. These decision problems 
were difficult to solve using classical 
methods, and drew on the experience and 
knowledge of the implementer. In his 
primer, Cox uses fuzzy logic to model the 
decision problem and discusses how to 
evaluate the defuzzification strategies. The 
final case study in the section concerns risk 
assessment, and reminded me of work done 
in earthquake risk assessment by Timothy 
Ross at the University of New Mexico. 

I found several minor irritants. Refer- 
ences to the best Cajun cooking in New 
York City will date the book. Problems oc- 
cur in some graphs; in one case an x-axis is 
skewed (Fig. 3.11) so that the graph and an 
explanation referring to it do not agree. The 
index is off by two pages on entries in the 
glossary, and, finally, the computer-gen- 
erated graphs are archaic. 

Nonetheless, this is a well-written, well- 
conceived book that will serve as a working 
manual for years to come. In this one 
volume, the author has opened up a whole 
new class of applications for fu zzy logic. 


Joe Altnether is fuzzy logic program director at 
Intel Corp., Chandler, Ariz. He has worked at Inte! 
on applications of microcontrollers in embedded 
control for over 16 years. Previously, he was a 
design engineer involved with applications 
ranging from antisubmarine warfare to computer- 
aided tomography (CAT) scanners. 





EDITOR: Glenn Zorpette 





IEEE SPECTRUM OCTOBER 1994 


a a 


ee te 





















is 


(2) SNe lla EL 





WE’VE EXAGGERATED HOW MUCH 
CALCULATING POWER IS IN NEW MATHCAD PLUS 5.0. 
BUT ONLY SLIGHTLY. 


It gives you more advanced 
math capability than ever before. It 
lets you tackle harder problems and 


solve even tougher equations. In short, 





it’s the most powerful, most advanced 
version of Mathcad’ ever released. 

And that’s no exaggeration. More 
powerful than spreadsheets or calculators, 
easier than programming languages, new 
Mathcad PLUS 5.0 gives engineers, scientists 
and educators more tools to do calculations 
with greater speed and ease. 

You get more functionality for computing 
derivatives and integrals, differential equations, advan 
vector and matrix operations, statistical functions, curve 
fitting, and fast Fourier and wavelet transforms. You can 
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calculating power in specific dis- 

ciplines like signal processing, data 
analysis, statistics and graphics. 

Plus, like its Mathcad predeces- 
sors, it’s as easy and intuitive as using a 
scratchpad. Simply enter equations in 
real math notation anywhere on Mathcad 
PLUS 5.0’s on-screen worksheet. Add text 
and graphics. Change variables and instantly 
update your work. Mathcad PLUS 5.0 calculates 
answers quickly and accurately, then prints your 
results in impressive, presentation-quality documents. 

So try Mathcad PLUS 5.0 today, and tomorrow 
you ll be ten times more productive. Well, maybe we’re 
exaggerating again. But only slightly. Mathcad PLUS 5.0 
is priced at just $299 To order, or to receive even more 
information, call 1-800-967-5075. Or mail or fax the 
coupon below (Fax: 716-873-0906). 


FREE MATHCAD PLUS 5.0 INFORMATION KIT 
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A pyrotechnical test for 
smokestack pollution 


When metal salts are ignited, they emit 
light of a characteristic color: strontium 
emits red, sodium yellow, barium green, 
and so on. That fact has been known for 
two centuries to the makers of fireworks. 
Now it has been applied by a team at 
Sandia National Laboratories in Liver- 
more, Calif., to measure the concentration 
of toxic metals spewed out by factories, 
incinerators, and power plants. 

In laser spark spectroscopy, as the tech- 
nique is called, the metal atoms are heated 
not by exploding gunpowder, but by a fo- 
cused, high-energy laser beam. The result 
is a single spark—not a shower—as the 
metal particles and molecules dissociate 
into energized atoms, which radiate light 
as they return to lower energy levels. 

The light radiated from each metal has 
a spectrum as unique as a fingerprint. And, 
“because its intensity increases with con- 
centration, we can also infer how much of 
each species is present,” said team leader 
William Flower. 

The approach should help operators 
measure metal levels both in situ (in the 
emission stacks) and in real time (as the 
metals are being released into the envi- 
ronment). Current techniques, based on 
manual collection of samples followed by 
chemical analysis, are neither in situ nor 
real time. A sample may misrepresent 
what is actually in the emission stack, and 
even if representative it takes time to ana- 
lyze—typically two to four weeks in the 
laboratory. 

The inability to monitor emissions di- 
rectly has unhelpful consequences. An in- 
dustrial plant that requires an operating 
permit usually undergoes a trial run to es- 
tablish the worst conditions under which it 
can meet air-quality requirements. This 
procedure constrains later operations, yet 
fails to guarantee that emissions will stay 
within limits. 

With a continuous monitor, though, a 
facility’s operators could continuously 
measure its toxic metal emissions under 
various conditions. “Laser spark spec- 
troscopy’s continuous, accurate feedback 
would allow you to save money by better 
utilizing the equipment you have and still 
be in compliance,” noted Flower. “It would 
also make it possible to assure neighbors 
and regulators on a day-by-day basis that 
you are remaining in compliance when 
processing parameters change.” 

Under the sponsorship of the U.S. 
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Laser spark optics assembly 





Department of Energy’s Office of 
Environmental Restoration and Waste 
Management, Sandia is developing just such 
a continuous-monitoring instrument for use 
in hazardous-waste incinerators and other 
thermal treatment units. Lab tests were 
done on the 11 toxic metals regulated under 
the Clean Air Act, with impressive results. 
Flower, along with his co-workers Lawrence 
Peng and Kenneth Hencken, measured all of 
them in concentrations below 250 parts per 
billion (ppb) and the more important, such as 
beryllium and chromium, at concentrations 
as low as 1 ppb. These figures mean the 
Sandia device could verify compliance with 
air-quality standards. 

The Sandia team has recently designed 
and built a first prototype of a unit that 
monitors metal emissions from an opera- 
tional hazardous-waste incinerator. Field 
tests this year of the transportable moni- 
tor were encouraging, said Peng. Such a 
device might also be used in munitions de- 
activation furnaces, fossil-fuel power 
plants, industrial furnaces and boilers, and 
industrial processes such as chromium 
electroplating. 
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Light-emitting plastics look better 


Two engineers at the University of Ro- 
chester in New York State have discov- 
ered why optoelectronic polymers emit 
light. Better still, they have used that 
knowledge to quadruple the materials’ 
highest reported efficiency of light emis- 
sion to 42 percent, which could make them 
widely useful. 

Optoelectronic plastics, also known as 
conjugated polymers, are an inexpensive 
and convenient alternative to light-emitting 
semiconductors for some uses, such as dis- 
plays. But it is hard to control the amount 
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and color of the light they emit, and they 
are notorious for taking in 10 times the 
photon energy as they give out in light. 

The cause is revealed in the Aug. 5 
issue of Science by Samson Jenekhe, asso- 
ciate professor of chemical engineering, 
and his former graduate student John 
Osaheni, now a research engineer with 
General Electric Corporate Research and 
Development in Schenectady, N.Y. They 
fault the spacing of the molecular chains 
within the polymer. Apply a voltage to a 
polymer containing chains only 0.3-0.5 
nm apart, and those chains form pairs of 
molecules known as excimers that exist 
for only a few nanoseconds. Excimers do 
not emit light efficiently. 

To remedy matters, Jenekhe and Osaheni 
simply prevent excimers from forming. 
That can be done by blending in another 
polymer or other molecules to keep the 
original polymer’s chains at least 1 nm apart. 
Properly blended, the chains form not ex- 
cimers but another type of material—a 
short-lived molecular sandwich known as an 
exciplex, which emits light very efficiently. 
The two Rochester engineers believe that 
conjugated polymer exciplexes signify a new 
class of optoelectronic materials. 

Most exciplexes they have made so far 
are three to five times as efficient as their 
pure counterparts at converting input 
energy into light. But in turning light into 
electricity (for, say, solar energy), they do 
strikingly better, being as much as 300 to 
1000 times as efficient. 

Jenekhe and Osaheni worked on materi- 
als called polybenzobisazoles (PBZAs). 
They have filed for a patent on the new 
class of materials and their optoelectronic 
applications, through Research Cor- 
poration Technologies of Phoenix, Ariz. 





EDITOR: Trudy E. Bell 
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a spectrum as unique as a fingerprint. And, 
“because its intensity increases with con- 
centration, we can also infer how much of 
each species is present,” said team leader 
William Flower. 

The approach should help operators 
measure metal levels both in situ (in the 
emission stacks) and in real time (as the 
metals are being released into the envi- 
ronment). Current techniques, based on 
manual collection of samples followed by 
chemical analysis, are neither in situ nor 
real time. A sample may misrepresent 
what is actually in the emission stack, and 
even if representative it takes time to ana- 
lyze—typically two to four weeks in the 
laboratory. 

The inability to monitor emissions di- 
rectly has unhelpful consequences. An in- 
dustrial plant that requires an operating 
permit usually undergoes a trial run to es- 
tablish the worst conditions under which it 
can meet air-quality requirements. This 
procedure constrains later operations, yet 
fails to guarantee that emissions will stay 
within limits. 

With a continuous monitor, though, a 
facility’s operators could continuously 
measure its toxic metal emissions under 
various conditions. “Laser spark spec- 
troscopy’s continuous, accurate feedback 
would allow you to save money by better 
utilizing the equipment you have and still 
be in compliance,” noted Flower. “It would 
also make it possible to assure neighbors 
and regulators on a day-by-day basis that 
you are remaining in compliance when 
processing parameters change.” 
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a continuous-monitoring instrument for use 
in hazardous-waste incinerators and other 
thermal treatment units. Lab tests were 
done on the 11 toxic metals regulated under 
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pure counterparts at converting input 
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poration Technologies of Phoenix, Ariz. 





EDITOR: Trudy E. Bell 
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en you need 
real-time code, 
a picture is worth 
a thousand lines. 


Fuel Control 





ith the SIMULINK 
Real-Time Workshop, you can 
automatically generate 
thousands of lines of C code 
from your block diagrams with 


the push of a button. 


Real-Time Workshop’s open 
architecture provides a 
development environment that 
enables you to rapidly 
implement and test your 
designs on your real-time 


hardware. 


When combined with support files and device 


drivers, the generated code can run on a wide 
range of target hardware, 


141,03 


aa 
B[1] 
/* Gain block: 


1 
B[3] = P[10] * B[1]; 


P[6] 
P[7] 
ia ed 
a2 


rT i 
oa 
x[0] + 
aa 


Boost (Kc) 
5. Pi 331909 Bs 


_/* Saturation block: +/- 
tf (EEO) < P[it]) 


CS 


else if (B[O] > P[12]) 


B[4] = P[12]; 


maT) 


The Real-Time Workshop lets you create models 
with SIMULINK blocks and move directly to 
hardware-in-the-loop testing — within minutes. 


From block diagram to C code 
You start by creating a 
continuous, discrete-time, or 
hybrid model of your system in 
SIMULINK. Then you generate 


highly optimized, target- 
independent C code that runs on 
virtually any floating-point 


hardware. 


Turnkey support 

Device drivers provide 
out-of-the-box operation on 
supported hardware as well as all 
the information you need to run 
on hardware you select. 
Documented examples and 
device driver source code are 
included for: 


¢ dSPACE DSP boards 
¢ VxWorks real-time operating 
system with VME hardware 


* PCs using commercially 
available I/O boards 


Additional dSPACE software 
products provide complete rapid 
prototyping, including data 
monitoring and acquisition. With 
VxWorks, StethoScope provides 


data monitoring and acquisition. 


Target your hardware 
Real-Time Workshop goes 
beyond generating C code. Its 
real-time framework API provides 
an extensible build environment 
based on customizable makefiles. 
This enables you to use custom 
device drivers and to specify 


compiler and linker options. 


SIMULINK 


ha 


Real-Time Workshop 
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Real-Time Workshop™ 





The Ultimate Technical 
Computing Environment™ 


MATLAB and SIMULINK 
seamlessly integrate computation, 
visualization, modeling, and 
simulation on PCs, Macintosh, 


and UNIX workstations. 


Powerful, versatile toolboxes 
MATLAB Toolboxes provide 
specialized solutions for specific 
applications including: 

¢ Nonlinear Control Design 

* Control System Design 

* Robust Control 

¢ u-Analysis and Synthesis 

* Optimization 

° Signal Processing 

* Neural Network 

* Model Predictive Control 


° Frequency Domain 
System Identification 


* Higher-Order Spectral 
Analysis 


¢ SIMULINK Accelerator 


Call today: 
508-653-1415 


The 
MATH 


24 Prime Park Way, Natick, MA 01760-1500 
Tel: 508/653-1415 Fax: 508/653-6284 
Email: info@mathworks.com 
Mosaic: http://www.mathworks.com 


The MathWorks is represented in the following countries 
Australia: +61-2-922-6311 © Brazil: +55-11-816-3144 
France: +33-1-45-34-23-91 © Germany: +49-241-26041 
India: +91-80-2-260-260 © Israel: +972-3-561-5151 
Italy: +39-11-24-85-332 © Japon: +81-3-5978-5410 
Portugal: +34-3-415-49-04 © Scandinavia: +46-8-15-30-22 
Spain: +34-3-415-49-04 © South Korea: +82-2-517-1257 
Switzerland: +41-31-998-44-11 © Toiwan: +886-2-501-8787 
For Belgium, Luxembourg, The Netherlands, United Kingdom 
and Republic of Ireland call Combridge Control, Ltd: +44-223-423- 
200 or Rapid Data, Ltd: +44-903-821-266 


MATLAB and SIMULINK are registered trademarks of 
The MathWorks, Inc, Real-Time Workshop is a trademark 
of The MathWorks. 





Gallium Arsenide Reliability Workshop 
(ED); Oct. 16; Wyndham Franklin Plaza Hotel, 
Philadelphia; Anthony Immorlica, Martin 
Marietta Laboratory, Box 4840, Syracuse, NY 
13221; 315-456-3514; fax, 315-456-0695. 


Gallium Arsenide Integrated Circuits 
Symposium (ED, MTT); Oct. 16-19; 
Wyndham Franklin Plaza Hotel, Philadel- 
phia; Donald D’Avanzo, Hewlett-Packard 
Co., 1412 Fountaingrove Parkway, Santa 
Rosa, CA 95403-1788; 707-577-2644; fax, 
707-577-2036. 


International Integrated Reliability 
Workshop (ED); Oct. 16-19; Stanford 
Sierra Camp, South Lake Tahoe, Calif.; Tin 
Yau Ying, Mitre Corp., 202 Burlington Rd., 
MS: H113, Bedford, MA 01730; 617-271- 
8170; fax, 617-271-2734. 


Holm Conference on Electrical Contacts 
(CPMT); Oct. 17-19; Holiday Inn, Chicago 








“hie Edit” Options 
Simulatior 


Actions wn 
Status: SAMPLE..ckt 


















City Centre; Holm Conference Registrar, 
IEEE Technical Activities, 445 Hoes Lane, 
Box 1331, Piscataway, NJ 08855-1331; 908- 
562-3895; fax, 908-562-1571. 


International Conference on Materials 
for Microelectronics (ED); Oct. 17-19; 
Hotel Ferin Palace, Barcelona, Spain; Juliet 
A. Upton, Institute of Materials, Confer- 
ence Department, 1 Carlton House Terrace, 
London SW1Y 5DB, England; (44+71) 235 
1391; fax, (44+71) 823 1638. 


International Engineering Management 
Conference—EM ’94 (EM, Dayton Section); 
Oct. 17-19; Marriott Hotel, Dayton, Ohio; Roy 
Gregg, 448 Merrick Dr., Beavercreek, OH 
45434; 513-258-1170; fax, 513-253-9765. 


International Conference on Neural 
Information Processing (NN); Oct. 17-20; 
Swiss Grand Hotel, Seoul, Korea; Iconip 94 
Seoul Secretariat, c/o Intercom Convention 
Service Inc., SL, Kang Nam, Box 641, Seoul 
135-606, Korea; (82+2) 515 1560; fax, (82+2) 
516 4807; e-mail, ICONIP@cair.kaist.ac.kr. 





























+ Integrated schematic editor 





Now you can run Analog and Mixed Signal Simulations with the 
Easy To Use and Powerful ICAP/4 Virtual Circuit Design Lab 















International Conference on Power 
System Technology (PE, Beijing); Oct. 
18-21; P.Y. Wang, Electric Power Research 
Institute, Quinghe, Beijing 100085, China; 
(86+1) 291 3201; fax, (86+1) 291 3126. 


Workshop on Power Electronics in 
Transportation (IE, PEL); Oct. 20-21; 
Hyatt Regency Hotel, Dearborn, Mich.; V. 
Anand Sankaran, MD 2036/SRL, Ford 
Motor Co., Box 2053, 20 000 Rotunda Dr., 
Dearborn, MI 48121-2053; 313-390-8689; 
fax, 313-323-8239. 


Conference on Electrical Insulation 
and Dielectric Phenomena—CEIDP 
’94 (DED; Oct. 23-26; Arlington Marriott, 
Arlington, Texas; Alan Watson, Department 


of Electrical Engineering, University of | 
Windsor, Box 33830, Detroit, MI 42832; | 


519-253-4232, ext. 2581; fax, 615-973-7062. 


13th Symposium on Reliable Distributed 
Systems (C); Oct. 25-27; Dana Point Resort, 
California; Kane Kim, Department of Electrical 
and Computer Engineering, University of 


Tap into this billion-dollar wireless market... 


WIRELESS 


PERSONAL COMMUNICATIONS 
Pee ml 


ue Ron Schneiderman, Sr. Editor, 


Microwaves and RF Magazine 
and Microwaves and RF Product Extra 


n this comprehensive book you will find a complete overview of 


the wireless market including emerging technologies, regulatory 

issues, standards, competitive analysis, market projections and 
opportunities overseas. Key topics covered include cellular/per- 
sonal communications, mobile satellite services, wireless messag- | 
ing, portable computing and wireless LANs/PBXs. Included is a 
directory of over 150 companies, trade associations and govern- 











+ NEW InteractivelsSrice4 simulator based on SPICE 3F.2 

+ Extensive Model Libraries (over 5000 parts) 

+ Real time waveform graphics and analysis. 

With ICAP/4 you can simulate all types of designs including Power, | © 
| ASIC, RF, Filters, Mixed Mode, Control Systems, and Mixed | | 
| Technologies (Mechanical-Electrical). Affordable Prices. ' 
Intusoft - Superior Support, Service, and Value 











== Call or write for your FREE Working Demo! 
P.O. Box 710 San Pedro, CA 90733-0710 


intusoft % Tel. 310- 833-0710 Fax 310-833- 9658 
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ment and regulatory agencies involved in wireless activities. 


$29.95 ($25.00 member) 
1994 Hardcover 224 pp 
IEEE Order No.PC3590 _—‘ISBN:0-7803-1010-1 


For fastest service , call 


1-300-673-IEEE 


(1-908-981-0060 outside the U.S.) 
or fax: 1-908-981-9667 
THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC. 
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California, Irvine, CA 92717; 714-856-4076; fax, 
714-856-4076; e-mail, kane@ece.uci.edu. 


International Symposium on Time-Fre- 
quency and Time-Scale Analysis (SP); 
Oct. 25-28; Adam’s Mark Hotel, Philadelphia; 
Ralph Nadel, Palisades Institute for Research 
Services Inc., 201 Varick St., New York, NY 
10014; 212-620-3341; fax, 212-620-3379. 


Fifth International Conference on Power 
Electronics and Variable-Speed Drives 
(IA); Oct. 26-28; IEE Savoy Place, London; 
Jane Chopping, IEE Conference Services, 
Savoy Place, London, WC2R OBL, England; 
(44+071 240 1871; fax, (44+071) 497 3633. 


International Symposium on Guided- 
Wave Optoelectronics: Device Charac- 
terization Analysis and Design (LEO); 
Oct. 26-28; Polytechnic University, Brook- 
lyn, N.Y.; Samantha H. Phillips, 445 Hoes 
Lane, Box 1331, Piscataway, NJ 08855-1331; 
908-562-3894; fax, 908-562-1571; e-mail, 
s.phillips@ieee.org. 


26th Symposium on Stochastic Systems 
Theory and its Applications (Tokyo 
Chapter—CS, GRS, SMC); Oct. 26-28; Mita 





60 MSPS 


12 BIT A/D CARD 











Press/Osaka, Umeda Center Building, Osaka, 
Japan; Y. Sunahara, Mita Press, Kyoto An- 
nex, Asahi Karasuma Building 4F 381, Shi- 
mizu-cho, Karasuma-East, Takeya, Nakagyo- 
ku, Kyoto 604, Japan; (81+75) 211 1055; fax, 
(81+75) 211 1135. 


Workshop on VLSI Signal Processing 
(SP); Oct. 26-28; Embassy Suites Hotel, La 
Jolla, Calif.; C. Schaffer, Electronic Re- 
search Laboratory, EE Department, Berke- 
ley, CA 94720; 510-643-6680; fax, 510-642- 
2739; e-mail, schaffer@eecs.berkeley.edu. 


Sixth Symposium on Parallel and Distri- 
buted Processing (C, Dallas/CC); Oct. 26-29; 
Bristole Suites Hotel, Dallas; David Padua, 
University of Illinois 465CSRL, 1308 W. Main 
St., Urbana, IL 61801-2307; 217-333-4723; fax, 
217-244-1351; e-mail, padua@csri.uiuc.edu. 


Workshop on Information Theory and 
Statistics (IT); Oct. 27-29; Holiday Inn, 
Alexandria, Va.; Prakash Narayan, EE De- 
partment, University of Maryland, College 
Park, MD 20742; 301-405-3661; fax, 301- 
314-9281. 


International Telecommunications En- 
ergy Conference (PEL); Oct. 30—Nov. 2; 
Hotel Vancouver, B.C., Canada; Ed Parker, 
Northern Telecom Canada Ltd., 150 Montreal 


Carn 


I ££25 
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DasyLab, 
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Toronto Blvd., Lachine, PQ H8S 1B6, Canada; 
514-639-3030; fax, 514-639-3002. 


Nuclear Science Symposium—NSS ’94 
(NPS); Oct. 30—Nov. 5; Waterside Marriott 
Hotel, Norfolk, Va.; Lowell A. Klaisner, 
Stanford Linear Accelerator Center, Box 
4349, Mail Stop: 30, Stanford, CA 94309; 
415-926-4463; fax, 415-926-3654. 


28th Asilomar Conference on Signals, 
Systems, and Computers (SP, C); Oct. 
31-Nov. 2; Asilomar Hotel and Conference 
Grounds, Pacific Grove, Calif.; James A. 
Ritcey, EE Department, FT-10, University 
of Washington, Seattle, WA 98195; 206-543- 
4702; fax, 206-543-3842. 
IEEE members attend more than 5000 IEEE protes- 
sional meetings, conferences, and conventions 
held throughout the world each year. For more in- 
formation on any meeting in this guide, write or 
call the listed meeting contact. Information is also 
available from: Conference Services Department, 
IEEE Service Center, 445 Hoes Lane, Box 1331, 
Piscataway, N.J. 80055; 908-562-3878; submit 
conferences for listing to: Ramona Foster, IEEE 
Spectrum, 345 E. 47th St., New York, N.Y. 10017; 
212-705-7305. 

For additional information on hotels, conference 
centers, and travel services, see the Reader 
Service Card. 
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Gigantic problem 
Kevin Self 


What is the correct way to pronounce the 
first g in giga, we were asked by reader 
R.E. Lafferty of Morris Plains, N.J. He re- 
called seeing a document about 30 years 
ago from the National Bureau of Standards 
(now the National Instititute of Standards 
and Technology), in which the pronuncia- 
tion of the prefix meaning billion was given 
as soft, or ag, as in giant. 

Technically Speaking’s perusal of the 
brochure on metric practice put out by the 
IEEE and the American National Stan- 
dards Institute (ANSD supported Laffer- 
ty’s earlier research. The brochure’s guide 
to U.S. pronunciation of metric prefixes 
states that it should be pronounced jig’ a 
(j as in jig, a as in about)—in other words, 
with a soft g. 

This column has often noted that might 
makes right when it comes to linguistic mis- 
use. And Lafferty, too, wondered if “with 
perhaps 90 percent of the technical popu- 
lation using the hard g, it would seem pru- 
dent to abandon what is, or was, correct, 
and flow with the tide.” 

According to the 1970 Oxford English 
Dictionary, the prefix giga derives from 
gigas, Greek for gigantic. The first (and 
third) letter of the Greek word is gamma, 
familiar to most engineers as a hard g. 

This apparent contradiction sent us for 
clarification to Everdeen Tree, a lecturer in 
Latin (and a Greek scholar) at the University 
of Houston in Texas. She informed us that 
although gamma was sounded as a hard g in 
classical Greek, the pronunciation of words 
that are transliterated into English generally 
conforms to English usage. In this case, g fol- 
lowed by i becomes soft, while g followed by 
a becomes hard. 

Tree noted that pronunciations do change 
over time, however, based on current usage 
and new historical data. “Originally, gamma 
was pronounced with a hard sound,” she 
said. “The soft gamma appeared in the 
Greek language after the classical era, and 
in some circles there is a preference for 
pronunciation closer to the original. Maybe 
it is time for a change.” 


ESS SS SE Se 
Metric muddle 


The proper use of metric standards is a 
popular topic. The ANSI/IEEE Metric 
Practice brochure mentioned above dec- 
rees: “When a quantity is expressed as a 
numerical value and a unit symbol, a space 
should be left between them.” Yet Allan 
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Mossberg of Green Valley, Ariz., wrote in to 
alert us that “a bureaucrat is making a mess 
of metric spelling.” 

He supplied two nutritional information 
panels, presumably from before and after 
the recent changes in U.S. nutrition label- 
ing requirements went into effect. The new 
label shows measurements of fat and cho- 
lesterol with no space between value and 
unit, such as 65g, whereas the older label 
shows a space before the unit. 

An investigation of the official Technically 
Speaking pantry uncovered a perplexing pot- 
pourri of metric usage: some of the old-style 
labels did conform to the ANSI/IEEE stan- 
dard, but no product with the new style sepa- 
rated unit and symbol. We wondered if per- 
haps the Food and Drug Administration 
(FDA), Washington, D.C., had taken it upon 
itself to set a new metric practice standard. 

So we tracked down Virginia Wilkening, 
leader of the Nutrition Regulations Unit in 
the Office of Food Labeling at the FDA, 
who said her department has received sev- 
eral comments on this very topic. She said 
the official position of the FDA, recorded 
in Vol. 58, no. 158, of the Federal Register, 
is that the agency “did not insist on a space 
on the nutrition labels to minimize the 
space taken by the information.” 

It does acknowledge, however, that “the 
preferred form of metric usage is to leave a 
space between the number and the symbol 
that refers to it,” and that it “has no prob- 
lem if a manufacturer decides to include the 
space.” 


Saat ee ee 
More on political correctness 


In response to our April column on this 
topic, Peter VandeMotter of New York City 
suggested that EEs are plagued by a fear of 
their own mortality. We had commented 
that the common (mis)pronunciation of kilo- 
meter, which accents the second syllable (ki- 
lo’-me-ter), is at odds with the SlI-preferred 
pronunciation, which places the stress on 
the first syllable (kil’-o-me-ter). 

“I believe the common pronunciation 
[which does not accent the sound kill] stems 
from the desire to avoid facing death or any 
term relating to it,” wrote VandeMotter, 
pointing to the use of “No Outlet” instead of 
“Dead End” on street signs. He offers fur- 
ther evidence of our uneasiness with death- 
related topics: connections are often refer- 
red to as “points” rather than terminals, on 
which wires are “landed,” not terminated. 
“Having been away from the television field,” 
he adds, “I do not know the acceptable term 
for TV ‘ghosts,” another death-related term. 





Technically speaking 


Technically Speaking sees a number of 
potentially correctable terms. The “kill- 
switch” would become “electrical euthana- 
sia actuator,” and “dead” memory devices 
would merely be victims of “bit attention 
deficit disorder” (BADD). 


NGL DEL ELOY A TRY TE EET PLN IOS BESET 
Juicy bits of jargon 


As technical professionals, we come in for 
our share of criticism for generating jar- 
gon. All the same, we should at least stay 
current with the latest coinages. Here are 
a few recent examples, culled by Tech- 
nically Speaking from several sources. 

From the Jargon Watch column of the 
January 1994 issue of Wired magazine 
comes the term “mouse potato,” described 
as “the on-line and interactive-TV genera- 
tion’s answer to the couch potato.” With 
the proliferation of pointing devices for 
computers, we find ourselves pondering 
such other possibilities as “pen potatoes,” 
“trackball tubers,” and “stylus spuds.” 

The explosive growth of the multimedia 
industry has spawned its own lexicon. It has 
brought “seedy ROMs,” for compact discs 
containing sexually explicit material. A re- 
cent program on Public Radio Inter- 
national’s “Marketplace” program labeled 
haphazardly packaged, poorly written soft- 
ware on CDs as “shovelware,” and claimed 
that such materials were leading a trend 
toward “multimediocrity.” 

From Microsoft Corp.’s brochure entitled 
“Focus on Microsoft Windows” comes “soft- 
lifting,” an innovative take on the illegal shar- 
ing or pirating of software. It is curious that 
although the words buccaneer and corsair are 
synonyms for pirate, phrases such as bit buc- 
caneering and code corsair never caught on. 


Technically Speaking is intended as a com- 
mentary on the use and misuse of technical 
language and culture, both within the scien- 
tific/engineering community and by the gen- 
eral public. Comments, concerns, commen- 
dations, and condemnations will be accept- 
ed, often cheerfully. Readers are invited to 
reply by mail, care of Technically Speaking 
at IEEE Spectrum, or by e-mail to 
klself@mcimail.com. Please indicate the 
city, state, and country you are writing from, 
as well as IEEE affiliation, if any. 





Contributing editor Kevin Self (M) surveys the et- 
ymological world from his workbench at Dallas 
Semiconductor Corp., in Dallas, Texas. 





CONSULTANT: Anne Eisenberg, Polytechnic 
University 
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Our EMI filters help keep 
your briefcase from 


becoming a battleground. 


If business is war, this is where the fight gets serious. 
Cellular phones, notebook computers, pagers and soon, 
PCS devices — the potential for interference among them 
is surpassed only by the potential for interference inside 
them. Fortunately, our EMI/RFI filters are superb peace- 
keepers. We offer the widest selection of EMI/RFI filters 
in the industry, in unsurpassed ranges of inductance and 
capacitance values, temperature ratings, frequencies 
and current ratings. Products like our unique high-fre- 


quency L-Chip Inductor, with its precision tolerance of 


+2%, are made possible by our exclusive thin-film 
technology. And our ability to combine high current 
ratings with lower DC resistance means you don’t have 
to compromise one for the other in your designs. So as 
youre designing the newest weapon for the corporate 
wars, let us be a small part in your success and help you 
avoid internal strife. For more information and our EMI 
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(Continued from p. 17) 

LEOS ’94 (LEO); Oct. 31—Nov. 4; Sheraton 
Boston Hotel and Towers; Susan Evans, 
IEEE/LEOS, 445 Hoes Lane, Box 1331, 
Piscataway, NJ 08855; 908-562-3896; fax, 
908-562-1571; e-mail, s.evans@ieee.org. 


Third International Conference on 








Software Reuse (C); Nov. 1-4; Hotel Oth- 
on, Rio de Janiero, Brazil; William Frakes, 
Virginia Tech, Computer Science Depart- 
ment, Northern Virginia Graduate Center, 
2990 Telestar Court, Falls Church, VA 
22042; 703-698-6020; fax, 703-698-6062; e- 
mail, frakes@sarvis.cs.vt.edu. 


Ultrasonics Symposium (UFFC); Nov. 1-4; 
Hotel Martinez, Cannes, France; C. Maerfeld, 
Thomson Sintra, 1 ave. Aristide-Briand, 94117 
Arcueil, Cedex, France; (33+1) 49 853 100. 


Electron Devices Activities In Western 
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FROM POWEREX 
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* 30% power loss 
reduction-improved 
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soft/fast recovery 
FWD. 

° Easy to integrate 
components reduce 
circuit design costs. 

* Closely coupled 


¢ Failsafe protection for 
sensing over current, 
over temperature, gate 
drive under voltage 
and short circuit. New 
Real Time Control 
(RTC) reduces stress 
on chip and circuit 
during short circuit 
shutdown. P-Side fault 
output detects ground 


° Single arrangement at 
600A-1200V. 
¢ 6 or 7-pack arra 


ingement 
at 10A to 100A-1200V, 


10A to 200A-600V. 
¢ Dual arrangement at 
75A to 300A-1200V, 
200A to 400A-600V. 
¢ 3rd generation 
component 
technology. 


optimized IGBT 
and driver chip 
minimizes stray 
inductance. 


faults. 
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¢ Exclusive IGBT 
current sense 
technology. 


¢ Reduced package size. 
¢ Totally isolated for 

quick easy installation. 
¢ Faster Switching. 





CONTINUING INVESTMENT FOR THE 
ADVANCED PRODUCTS OF TOMORROW. 


Call The Power Line At 
1-800-451-1415 


Powerex in alliance with Mitsubishi Electric Corporation. 
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New York Conference (ED); Nov. 2; 
Chester F. Carlson Center for Imaging Sci- 
ence, Rochester Institute of Technology, 
New York; Sophie Verdoncki-Vandebroek, 
Xerox Corp., J.C. Wilson Center for Re- 
search and Technology, 800 Phillips Rd., 
Building 114-41D, Webster, NY 14580; 716- 
422-9796; fax, 716-422-1035. 


Electrical Performance of Electronic 
Packaging (CPMT, MTT); Nov. 2-4; 
Monterey Plaza Hotel, California; Paul A. 
Baltes, Engineering Professional Develop- 
ment, Box 9, Harvill Building, Room 235, 
2nd and Olive Streets, Tucson, AZ 85721; 
602-621-3054; fax, 602-621-1443. 


European Topical Congress on Techno- 
logies for Wireless Applications (MTT); 
Nov. 2-5; New Linootto Fair Center, Via 
Nizza, Turin, Italy; P. W. Staecker, M/A- 
Com Inc., 100 Chelmsford St., Lowell, MA 
01853-3294; 508-656-2607; fax, 508-656- 
2777; e-mail, p.staecker@ieee.org. 


Frontiers in Education Conference— 
FIE ’94 (E); Nov. 2-7; Fairmont Hotel, San 
Jose, Calif.; James Freeman, Engineering 
Department, San Jose State University, San 
Jose, CA 95192; 408-924-3806; fax, 408-924- 
3818; e-mail, jfreeman@sjsuvmi.sjsu.edu. 


Symposium on Advanced Research in 
Asynchronous Circuits and Systems (C); 
Nov. 3-5; University Park Hotel, Salt Lake 
City, Utah; Erik Brunvand, Department of 
Computer Science, University of Utah, Salt 
Lake City, UT 84112; 801-581-4345; fax, 801- 
581-5843; e-mail; Brunvand@cs.utah.edu. 


16th International Conference (EMB); 
Nov. 3-6; Omni International Harbor Hotel, 
Baltimore, Md.; Steve Marlin, Meeting 
Management Inc., 2703 Main St., Suite 690, 
Irvine, CA 92714; 714-752-8205; fax, 714- 
752-7444, 


12th International Conference on Com- 
puter-Aided Design (C, CAS); Nov. 6-10; 
Red Lion Hotel, San Jose, Calif.; MP As- 
sociates Inc., 5305 Spine Rd., Suite A, 
Boulder, CO 80301; 303-530-4562. 


Workshop on Motion of Non-rigid and 
Articulate Objects (C); Nov. 11-12; Hotel 
Marriott at the Capital, Austin, Texas; J. K. 
Aggarwal, Department of Electrical and 
Computer Engineering, University of Texas, 
Austin, TX 78712-1084; 512-471-3259; e-mail, 
jka@emx.cc.utexas.edu; fax, 512-471-5532. 


First International Conference on Im- 
age Processing—ICIP ’94 (SP); Nov. 
13-16; Austin Convention Center, Texas; Al 
Bovik, Department of Electrical and Com- 
puter Engineering, University of Texas, 
Austin, TX 78712-1084; 512-471-5370; fax, 
512-471-5907; e-mail, bovik@cs.utexas.edu. 

(Continued on p. 18E6) 
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Mr. Boyd Jones, Past President and 
C.E.O. of Dayna Corp, and Former 
President of Control Data, 
& Government Systems. 


Get 12 billion OPS for $3,000! 


The new ACE-12™ from MSI gives you: 
¢ The FASTEST PC. reconfigurable computer card in the world ¢ Plugs into any PC. 
¢ The LOWEST PRICED PC. reconfigurable computer card ¢ Complete Tool Suite 


With the ACE-12™ reconfigurable computer card, you will cut your design time in half! 
Give us one minute and we'll show you the future. Call: 1-800-YES-MSI4 (1-800-937-6744). 


The Future is . . . METALITHIC Systems, Inc.™ 
Look for the future at the MSI booth at the DSP World Expo. 
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BMany developers have 
never been introduced to the 
MATRIX,” product family from 
Integrated Systems. And still, it’s 
revolutionizing the way control 
systems engineers develop soft- 
ware. «o== MATRIX, is the only 
integrated family of development 
tools for real-time control systems. 
It guides you through the dynamic 
process of design, analysis, simula- 
tion and code generation, allowing 
you to evaluate and modify system 
models as you develop. So you can 
be confident that you'll get the 


very best performance from 


your system. 5 Each MATRIX, 


product is the best in its class. And 








evelopers 
See -ae 
et AY 
Of Five 
egins la 


elie) 


tee ee 













Documentit” 
Pred ie eRe Mod 
engineers both 
time and trouble 
by automati- 
cally creating 
eel Cems 





: ical ms (edt 
Our seamlessly b Pte iestii} 
i “ehh CUT Hite| 
‘onteeedllabae models. 


ystems, inc. AuteCods ond frodemarics and AC-100, 
of Integrated Systems; Inc, All other trademarks and registered tradema 


together they make up the only 
dependable solution for simple or 
complex control system design. Plus, 
they run on both PCs and work- 
stations. — “And remember, 
unlike products mathematicians 


design for classrooms, MATRIX, is 


solving complex design problems 







throughout the industry, day in and 


day out. So whether you need tools 







for modeling and simulation, or a 








proven solution to take you from 








concept to code, MATRIX, is the 





answer. 4 For real-world appli- 
€ 


- cations, nothing even comes close 


‘to MATRIX. Maybe it’s time you 


et the family. Call 1-800-770-3338 


Calendar 


(Continued from p. 18E2) 

Workshop on High Performance Elec- 
tron Devices for Microwave and Opto- 
electronic Applications (ED); Nov. 14; 
King’s College London, the Strand; Ali A. 
Rezazadeh, Department of ECE, King’s 
College London, London University, Strand, 
London WC2R 2LS, England; (44+71) 873 
2879; fax, (44+71) 836 4781. 





Third Workshop on Program Compre- 








hension—WPC ’94 (C); Nov. 14-15; Ra- 
mada Hotel, Falls Church, Va.; Vaclav Ra- 
jilich, Computer Science Department, 
Wayne State University, Detroit, MI 48202; 
313-577-5423; fax, 313-577-6868; e-mail, 
vtr@cs.wayne.edu. 


Advanced Semiconductor Manufactur- 
ing Conference and Workshop (ED); 
Nov. 14-16; Hyatt Regency Hotel, Cam- 
bridge, Mass.; Margaret M. Kindling, SEMI, 
2000 L St., N.W., Suite 200, Washington, DC 
20036; 202-457-9584; fax, 202-659-8534. 
Topical Conference on the Synthesis 








We’ve turned trouble into 
opportunity for more than 
half a century. We don’t get 
mad—we get _ technical. 
That’s how the Sarnoff 
Research Center came up 
with the first complementary 
metal-oxide semiconduct- 
ing chip, and developed 
color television. And the 
first liquid-crystal display 
technology..... The _prob- 
lem is, you should be up 
front with us—so we can 
use our heads, hunches, 


our tremendous reservoir 


of knowledge and experi- 


IF YOU 
THINK 
YOURE 
GOING 

TO GIVE 
US A 
PROBLEM- 


ence in such areas as digital image compression, advanced displays, digital 


IC’s, high-definition TV systems..... 


We'll give as good as we get. For 


industry and government, we use the genius of the mind for R&D that 


creates new products. Product development. You got a problem with that? 


We’re ready. For the toughest challenge you can throw at us..... Just con- 


tact: Public Affairs, David Sarnoff Research Center, CN 5300, Princeton, 


New Jersey 08543-5300. (609) 734-3038. So, what’s your problem ???? 


TERRIFIC! 


DAVID 


SARNOFF 


BES Te.ACR Cur 





CoE Neder A 
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Japan; Masami Akaike, c/o Realize Inc., Cos- 
mos Hongo Building. 4-1-4 Hongo, Burkyo- 
ku Tokyo 113, Japan; (81+3) 3815 8590; fax, 
(81+3) 3815 8939. 


Semiconductor Interface Specialists 
Conference (ED); Dec. 7-10; San Diego 
Hilton, California; Robert E. Stalhbush, IBM 
Thomas J. Watson Research Center, Room 
29-113, Box 218, Yorktown Heights, NY 
10598; 914-945-2837; fax, 914-945-2141. 


Workshop on Mobile Computing Sys- 
tems and Applications (C); Dec. 8-9; 
Dream Inn, Santa Cruz, Calif.; Darrell Long, 
Computer and Information Sciences, Uni- 
versity of California, Santa Cruz, CA 95064; 
408-459-2616; fax, 408-459-4829; e-mail, 
darrell@cse.ucsc.edu. 


International Electron Devices Meet- 
ing (ED); Dec. 11-14; San Francisco Hilton 
& Towers; Melissa Widerkehr, Widerkehr 
and Associates, Suite 610, 1545 18th St., 
N.W., Washington, DC 20036; 202-986-1137; 
fax, 202-986-1139. 


33rd Conference on Decision and Con- 
trol (CS); Dec. 14-16; Buena Vista Palace at 
Walt Disney World Village, Orlando, Fla.; 
M. K. Masten, Texas Instruments Inc., 
2309 Northcrest, Plano, TX 75075; 214-462- 
3433; fax, 214-462-3126. 


Third International Workshop on Cel- 
lular Neural Networks and Their Ap- 
plications—CNNA ’94 (CAS, Region 8); 
Dec. 18-21; University La Sapienza, Rome, 
Italy; V. Cimagalli, Department of Elec- 
tronic Engineering, La Sapienza University 
of Rome, via Eudossiana 18, Rome, Italy I- 
00184; (39+6) 4458 5836; fax, (39+6) 4742 
647; e-mail, cima@tce.ing.uniromal. it. 


International Conference on Parallel 
and Distributed Systems (C); Dec. 19-21; 
National Chiao Tung University, Heinchu, 
Taiwan; Lionel M. Ni, Department of Com- 
puter Science, Michigan State University, 
714 Wells Hall, East Lansing, MI 48824- 
1027; 517-353-4386; fax, 517-336-1061; e- 
mail, ni@cps.su.edu. 


First International Conference on EI- 
ectronics, Circuits, and Systems—IC- 
ECS ’94 (CAS); Dec. 19-22; Nile Hilton 
Hotel, Cairo, Egypt; Jenny Curry, Depart- 
ment of Electrical Engineering, Ohio State 
University, Columbus OH 43210; 614-292- 
3245; fax, 614-292-7596. 


First International Conference on 
Software Testing, Reliability and 
Quality Assurance—STRQA ’94 
(Region 10, et al.); Dec. 21-22; Hotel Taj 
Palace, New Delhi, India; Aditya Mathur, 
Department of Computer Science, Purdue 
University, W. Lafayette, IN 47907; 317- 

(Continued on p. 18E10) 
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Only Project Scheduler 6 
gives your projects the 
ideal environment 

to grow in. 






Why be baited into software 
that starts out easy to use, but 
ultimately compromises your 
ability to efficiently plan, track, 


Cae 








SOONER OR LATER, 
MS-PROJECT WILL CRAMP 


Choose Project Scheduler 6° for 
Windows™ and get the tools and 
professional project management 
insight to effectively handle all of 

the changing deadlines, 
schedule crunches and 
resource allocation 
problems that happen in 
the real world. 

“Aimed at users who 
don't [necessarily] manage 
projects full-time, but want a 
product that won't run out of 
steam, [Project Scheduler 6 ] 
surpasses Microsoft Project and 
CA SuperProject —in addition to 
challenging many high end 
packages.” wrote InfoWorld* 

So whether you're managing 
one or one hundred projects, all of 
your activities are streamlined 
with a single, unlimited resource 
pool, task and resource calendars, 


evaluate and report 
all of your project 
management data? 






compliant applications. 
Now in its second 
generation, Project 
Scheduler's Open 
Database Connectivity 
helps build greater 


user-configurable 
spreadsheets, plus 
interactive graphics 
and icons for quick 
access to functions and 
views you use the most. 


Sophisticated model- ' data reporting 
ing features like the ? efficiency and controls 
Advanced Resource Before youmakea project throughout the 
Tracking Spreadsheet eae aed enterprise. 
(ARTS)", let you pnunur Seca Don't get caught 
uniquely evaluate short by the lure of 


Call 1-800-533-9876 software that won't 


completely support your projects 
downstream. Get Scitor on the 
line, and try Project Scheduler 6 
for Windows today. 


Tt Scitor 


Corporation 


resource costs and 
usage on a period-by-period 
basis. Evaluating multiple 
“what-if” scenarios is a breeze 
with Project Scheduler’s ability 
to do multiple undo/redos. And 
our built-in object-oriented report 
writer offers outstanding layout 
versatility. 

You can even selectively share 
project data with other ODBC- 


© 1994 Scitor Corporation, 393 Vintage Park Drive, Suite 140, Foster City, CA 94404. Tel. 415-570-7700. Internet: sales@scitor.com. In France, call (1) 43 29 44 37. In Germany, call 0 69- 6 66 80 25. In the 
United Kingdom, ea 0384-392121. In Australia, call 61-2-956-7800. In South Africa, call 27-1 1-886-9863. Project Scheduler 6 is a registered trademark, and ARTS and the Scitor name are trademarks of 


Scitor Corporation. 
cruelty, such as using Microsoft Project, during the making of this ad. 


InfoWorld, January 3, 1994, Microsoft Project and Windows are trademarks of Microsoft Corp. CA SuperProject is a trademark of Computer Associates. No fish were subjected to undue 
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TODS 
F aa Mb 
Mitsubishi 1 Mb Flash is in volume 
production now, for both standard and 
industrial temperature range (-40 to +85°C) 
versions and provides power-up /power- 
down data protection, The Bytewide x8 
Mb Flash is compatible with industry- 
stondard bulk array devices. Mitsubishi 
industry-leading wordwide x16 1 Mb Flash 
reduces system chip count and is socket- 
compatible with x16 EPROMs/OTP ROMs. 
mk eames 
tsubishi's 4Mb Flash offers a user- 
selectable, 512K x 8 or 256K x 16, archi- 
tecture and small block size: 32 blocks 
16KB each for x8, 8K words each for x16, 
allowing finer granularity for code updates. 
An automatic program /erase feature 
enhances overall system performance by 
freeing the system CPU to perform other 
tasks and eliminates the need for update 
software timers. 
vl 
Designers can easily upgrade existing 
8MMb Flash designs to 16Mb without the 
need for a total system redesign, with the 
added benefits of faster access time 
(100ns) at 3.3V and deep power down 
mode. Mitsubishi's 0.5ym 16Mb Flash 
offers 32 symmetrical 64KB blocks and 
comes in an industry-standard 44-pin SOP 
and a 48:pin TSOP that is pad compatible 
with industy-standard 
AO-pin TSOPs. 
and JEIDA-standard 
Flash cards come in densities up to 40MB. 
Standard Flash modules come in 512K x 
16, and 512K x 32 organizations. 
Custom Flash cards and modules can be 
produced to meet customer-specific needs. 





©1994 Mitsubishi Electronics America Inc., Electronic Device Group, Sunnyvale, California (408) 730-5900, Ext. 2106 
The Electronic Device Group of Mitsubishi Electronics America, Inc. is a wholly owned subsidiary of Mitsubishi Electric Corporation. Products subject to availability. 


ELECTRONIC DEVICE GROUP 











Rewriting The Future. 



























Amid all the speculation about Flash there are critical questions: What is Wordwide and 
the best standard? Who has enough capacity? Will Flash replace DRAMs? What —_Bytewide Flash I. 


about second sourcing? Who has wordwide devices? : 
One thing however is certain: Mitsubishi Flash is rewriting the future. 
™M f 


We're doing it by offering a wide selection of NOR Flash devices: 
Wordwide and Bytewide Flash ICs from 1 to 16Mb, PCMCIA-/JEIDA- 
standard and custom Flash cards up to 40MB, and standard and 
custom Flash modules. 
We're also rewriting the future of Flash via a joint technology 
development agreement with Hitachi. Mitsubishi and Hitachi will co- 
develop 16Mb DINOR (Divided Bit-Line NOR) and 64Mb AND devices, _ Mitsubishi Electric's 
setting the de facto, single-voltage (3.3V) industry standard for future nee 
Flash. Plus, the Mitsubishi 16Mb Flash you design in today will be pin For Semiconductor 
compatible with, and upgradeable to the future 16Mb DINOR device. Environmental Issues. 
Mitsubishi Flash memories are manufactured at our own wafer 
fab facilities with deep submicron process technology in place to Sarath 
produce our 0.5um 16Mb Flash. Advanced technology partnerships with SGS- Modules. 


Thomson and Hitachi help assure your second source and future Flash needs. ee 








pn AES Rate Ais Ci ie eae olarak ew pees 1 

ree ae (2 rr SD eer 
y ett a MIN./TYP.. 

Bulk Array SV/12Vnp 100, 120, 150 10K/100K 

































High Volume Production acy Ind. Temp. Bits (150ns); 
Power-Up/Power-Down Data Protection 


Wordwide Architecture Reduces Chip Count: § Socket Compatible 
With x16 EPROMs/OTP ROMs; Industrial Temp. Range (150ns) 
Small Block Size Optimized for Code/Data Storage Applications; 
Automatic Program/Erase 

Easy Upgrade from Industry-Standard 8MB Flash Designs; 

100ns Access Time at 3.3V; Deep Power Down (0.5:1A); 

Automatic Program/Erase 

Custom Cards Available; FFS-Type with Memory Technology Driver 
Software Support 

Automatic Program/Erase; Custom Modules Also Available 


128K x 8 DIP, PLCC, SOP, TSOP 


Bulk Array 5V/1 2Vpp 








64K x 16 100, 120,150 | SOP, PLCC, TSOP 10K/100K 































512K x 8 / 256K x 16 10K 
(User Selectable) 


2M x8 


32 Sym. Blocks, 
16KB/8K Word each 
32 Sym. Blocks, 
64KB each 


SV/12V 95 100, 120,150 | SOP, TSOP 


























A 
16Mb 3.3V/12Vpp 100, 120,150 | SOP, TSOP 10K/100K 












Flash 256KB to 40MB 
Cards 

Flash 512K x 16 
Modules | 512K x32 


SV/A2V ny 200, 250 | PCMCIA/JEIDA 10K/100K 











SWVop 100, 120, 150 | 80-PIN SIMM 10K 





In addition to rewriting the future of Flash, Mitsubishi Electric Corporation is committed to "sustainable 
development." To this end, the company has eliminated CFCs, including 1,1, 1-trichloroethane solvent and 
carbon tetrachloride in manufacturing processes at all semiconductor production facilities. The company 
is committed to reducing industrial wastes by 30% in 1995, cutting energy consumed in semiconductor 
production processes by 25% by the year 2000, and is conducting R & D in recyclable packaging, as 
well as in solar power energy sources. 

For more information on Mitsubishi Flash memories, and details on environmental policies and 
MUSE 1-(800)-785-0004, Ext. BQ 408-730-5900 Ext. 2106. 
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(Continued from p. 18E6) 
494-6010; fax, 317-494-0739; e-mail, 
amp@cs.purdue.edu. 


JANUARY 1995 


Eighth International Conference on 
VLSI Design (C, CAS); Jan. 4-7; Hyatt Re- 
gency, New Delhi, India; Adit D. Singh, 
Department of EE, Auburn University, 
Auburn, AL 36849; 205-844-1847; fax, 205- 
844-1809; e-mail, adsingh@eng.auburn.edu. 


Industrial Automation and Control— 
IA & C ’95 (IA, et al.): Jan. 5-7; Krishna 
Oberoi Hotel, Hyderabad, India; E. Bhagi- 
ratha Rao, Engineering Staff College of 
India, Khairatabad, Hyderabad—500 004, 
India; (91+40) 229 666; fax, (91+40) 243 634. 





10th Annual Battery Conference on 
Applications and Advances (AES, PEL); 
Jan. 10-12; California State University, Long 
\ ee Beach, Calif; Renee Madrid, Department of 
EE, California State University, 1250 Bell- 

1 flower Blvd., Long Beach, CA 90840-8303; 
nities 310-985-4605; fax, 310-985-7561. 








Perel 


i] Brazilian School of Microelectronics 
1 (ED); Jan. 15-20; Cidade Universitaria, Re- 
ae o cife, Brazil; Edval J.P. Santos, Department 
: fe eae TAS de Fisica, University Federal de Pernam- 
oom Bo buco, Cidade Universitaria, 50670—-901 Rec- 
ife PE, Brazil; (65+81) 271 01 11; fax, (65+81) 

271 03 59. 


ae : Reliability and Maintainability Sym- 
Bes aan ee posium—RAMS (R); Jan. 17-19; Wash- 
ee ae ington Hilton, District of Columbia; V.R. 

, : Monshaw, Consulting Services, 1768 Lark 
79-slot signal conditioning or Lane, Cherry Hill, NJ 08003; 609-428-2342. 


@ 


eae. 
oom 
J 


Conference on Wafer Scale Integra- 

tion—ICWSI (C, CPMT); Jan. 18-20; Fair- 

rr We mont Hotel, San Francisco; Glenn Chapman, 

La : ete School of Engineering Science, Simon 

; : Fraser University, Burnaby, BC V5A 156; 

604-291-3814; fax, 604-291-4951; e-mail, 
glennc@cs.sfv.ca. 





aa 


Ps 
VEAL 





} First Symposium on High Performance 
Signal conditioning cards Computer Architecture (C); Jan. 23-26; 
Sheraton Inn, Raleigh, N.C.; E. W. Davis, De- 
partment of Computer Science, North 
Carolina State University, Box 8206, Raleigh, 
N.C. 27695-8206; 919-515-7045; fax, 919-515- 
7896; e-mail, davis@adm.scc.ncsu.edu. 


Power Engineering Society Winter 
Meeting (PE); Jan. 29-Feb. 2; New York 
Hilton and Towers, New York City; Frank 
E. Schink, 14 Middlebury Lane, Cranford, 
NJ 07016-1622; 908-276-8847. 

(Continued on p. 74E5) 
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Recent books 





Formulas for Stress, Strain and Structural 
Matrices. Pilkey, Walter D., John Wiley & 
Sons, New York, 1994, 850 pp., $74.95. 


Rightsizing the New Enterprise: The Proof, 
not the Hype. Kern, Harris, and Johnson, 
Randy, Prentice Hall, Englewood Cliffs, 
NJ., 1994, 326 pp., $38. 


Creativity in Invention and Design: Com- 
putational and Cognitive Explorations of 
Technological Originality. Dasgupta, Sub- 
rata, Cambridge University Press, New York, 
1994, 250 pp., $39.95. 


Internetworking with TCP/IP, Vol. Il: De- 
sign Implementation and Internals. Comer, 
Douglas E., and Stevens, David L., Prentice 
Hall, Englewood Cliffs, N.J., 1994, 613 pp., $50. 


Transient Stability of Power Systems: The- 
ory and Practice. Pavella, M., and Murthy, 
P.G., John Wiley & Sons, New York, 1994, 
403 pp., $98. 


Image Processing, Analysis and Machine 
Vision. Sonka, Milan, et al., Chapman & 
Hall, New York, 1994, 555 pp., $39.95. 


McGraw-Hill Concise Encyclopedia of Sci- 
ence and Technology, 3rd edition. Ed. 
Parker, Sybil P., McGraw-Hill, New York, 
1994, 2241 pp., $115.50. 


Windows Animation with C+ + Program- 
ming. Young, Michael J., Academic Press, 
San Diego, Calif., 1994, 303 pp., $39.95 
(diskette included). 


Programmable Controllers: Hardware, Soft- 
ware and Applications, 2nd edition. Bai- 
ten, George L., Jr., McGraw-Hill, New York, 
1994, 285 pp., $39. 


Engineering Design: A Synthesis of Views. 
Dym, Clive L., Cambridge University Press, 
New York, 1994, 205 pp., $49.95 (hard- 
cover), $19.95 (paperback). 


The United States, Japan and Asia: Challen- 
ges for U.S. Policy. Ed. Curtis, Gerald L., 
W. W. Norton, New York, 1994, 288 pp., $28. 


Automatic Control of Converter-Fed Drives. 
Kazmierkowski, M.P., and Tunia, H., Else- 
vier Science Publishing, New York, 1993, 
576 pp., $200. 


The Infrared and Electro-Optical Systems 
Handbook: Vols. 1-8. Eds. Accetta, Joseph, 
and Shumaker, David, ERIM, Ann Arbor, 
Mich., and SPIE, Bellingham, Wash. (Vol. 1: 
Sources of Radiation, 373 pp.; Vol. 2: At- 








mospheric Propagation of Radiation, 322 
pp.; Vol. 3: Electro-Optical Components, 
666 pp.; Vol. 4: Electro-Optical System 
Design, Analysis & Testing, 352 pp.; Vol. 5: 
Passive Electro-Optical Systems, 355 pp.; 
Vol. 6: Active Electro-Optical Systems, 312 
pp.; Vol. 7: Countermeasure Systems, 508 
pp.; Vol. 8: Emerging Systems & Techno- 
logies, 636 pp.); 1994, $275 (the set). 


Digital Signal Processing in Telecommun- 
ications. Eds. Westall, F.A., and Ip, S.FA., 
Chapman & Hall, New York, 1994, 486 pp., 
$95, 


E-mail Essentials. Titte/, Ed, and Robbins, 
Margaret, Academic Press, New York, 
1994, 298 pp., $24.95. 


Magnetostatic Waves and Their Applica- 
tions. Kabos, P., and Stalmachov, V.S., Chap- 
man & Hall, New York, 1994, 303 pp., 
$90.50. 


Multimedia: Gateway to the Next Millen- 
hium. Eds. Aston, Robert, and Schwarz, Joyce, 
Academic Press, New York, 1994, 287 pp., 
$39.95. 


Microsoft Project 4 For Windows: Step by 
Step. Catapult Inc., Microsoft Press, Red- 
mond, Wash., 1994, 368 pp., $29.95. 


Electrical Safety: A Guide to the Causes 
and Prevention of Electrical Hazards. 
Adams, J. Maxwell, TEE/INSPEC, Pisca- 
taway, N.J., 1994, 194 pp., $75. 


Distributing Applications Across DCE and 
Windows NT. Rosenberry, Ward, and 
Teague, Jim, O'Reilly & Associates, Sebas- 
topol, Calif., 1994, 302 pp., $24.95. 


Stochastic Processes, 2nd edition. Medhi, 
J., John Wiley & Sons, New York, 1994, 598 
pp., $39.95. 


Problems and Solutions in Electronics. 
Loxton, Roger, Chapman & Hall, New York, 
1994, 250 pp., $24.95. 


Engineer’s and Manager’s Guide to Win- 
ning Proposals. Helgeson, Donald V., Ar- 
tech House, Norwood, Mass., 1994, 219 pp., 
$49. 


Understanding DCE. Rosenberry, Ward, et 
al., O’Reilly & Associates, Sebastopol, Calif., 
1994, 266 pp., $24.95. 


Protective Relaying Theory and 
Applications. ABB Power T&D Co., Marcel 
Dekker, New York, 1994, 376 pp., $99.75. 
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Spend More 
Time Doing 
Science and 
Less Time 
Programming 


he 
me 
a 


ee Ten, 
a 
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IDL’ 
is the only software 
that allows you to program four to 
ten times faster* than FORTRAN Or C. 
It seamlessly integrates all of your 
scientific computing needs in a 
single package — breathtaking 2D, 
&3D graphics, powerful number 
crunching, flexible data 1/o and 
more. It even includes a complete 
Gul toolkit for creating point and 
click applications. And, because IDL 
runs on Pcs, Macs, Unix and vms 
workstations you won't have to 
rewrite your code every time you 
change machines. 

Join the elite group of 
more than 20,000 
scientists around the 

world who are saving 

time and money by using IDL. 

Call us for a free demo. 

303-786-9900 Fax 303-786-9909 

Research Systems, Inc. 


2995 Wilderness Place 
Boulder CO 80301 






*based on a survey of IDL users 
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Advancing Human Communication: 


Hearing Aid Research 
and Development 


»> » 


First Biennial Conference 
September 11-13, 1995 
Bethesda, Maryland 


The National Institute on Deafness and Other Communication Disorders (NIDCD) 
and the Department of Veterans Affairs (VA) are pleased to sponsor a national 
forum for the presentation of ongoing or completed research relevant to hearing 
aid design and function. The objectives are to share and critically examine, 

in a setting that stimulates creative debate and interactions, current research 
relevant to speech understanding in noise, amplification and signal processing, 
addressing such topics as: 

* speech perception 

* psychophysics 

* physiology of the auditory system 


* technological advances in devices 
* clinical trials 


Individuals from the widest range of related scientific disciplines and specialties 
are encouraged to participate to gain additional insight into issues pertinent 
to the area of amplification and signal processing and to formulate the future 
directions of research and development. 


Scientific abstracts, due March 15, 1995, are invited emphasizing the latest 
research. The conference format will include both presentations and poster 
sessions, with considerable time allotted for audience discussion. Each accepted 
poster will have an assigned presentation time and additional display oppor- 
tunity. Submitted abstracts should include the purpose, methods, results and 
conclusion. Abstracts will be peer reviewed for scientific merit and relevance 
and applicants will be notified of acceptance in writing approximately six 
weeks after receipt date. Any applicant wishing to submit a scientific abstract 
for presentation or poster session at the conference can request further infor- 
mation by writing to: NIDCD/VA Hearing Aid Research and Development 
Conference, Tascon, 7101 Wisconsin Avenue, Suite 1125, Bethesda, 
Maryland 20814. 


A limited number of exhibit spaces will be available. For more information 
about exhibit possibilities, contact: NIDCD/VA Hearing Aid Research and 
Development Conference, Tascon, 7101 Wisconsin Avenue, Suite 1125, Bethesda, 
Maryland 20814 telephone (301) 907-3844 or (301) 907-9655 (FAX). 


Sponsors 
The National Institute on Deafness and Other Communication Disorders and 
the Department of Veterans Affairs. 


Planning Committee 

Amy M. Donahue, Ph.D., Lucille B. Beck, Ph.D., Jont B. Allen, Ph.D., 

David A. Fabry, Ph.D., Marjorie R. Leek, Ph.D., H. Donell Lewis, Ph.D., 
Charles M. Liberman, Ph.D., John K. Niparko, M.D., and Carol A. Sammeth, Ph.D. 


For further information, call the NIDCD at 301-496-7243; TDD 301-402-0252. 
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Recent books 


Vacuum Switchgear. Greenwood, Allan, IEE/INSPEC, Piscataway, 
N,J., 1994, 278 pp., $95. 





Microwave Integrated Circuits. Eds. Kneppo, 1, and Fabian, J, 
Chapman & Hall, New York, 1994, 329 pp., $99.95. 


Coping with Chaos: Analysis of Chaotic Data and the Exploitation 
of Chaotic Systems. Eds. Ott, Edward, et al., John Wiley & Sons, 
New York, 1994, 418 pp., $47.95 


Bistabilities and Nonlinearities in Laser Diodes. Kawaguchi, 
Hitoshi, Artech House, Norwood, Mass., 1994, 379 pp., $88. 


Guide to Writing DCE Applications, 2nd edition. Shirley, John, et al., 
OReilly & Associates, Sebastopol, Calif., 1994, 462 pp., $29.95. 


Maple V Quick Reference. Blachman, Nancy R., and Mossinghoff, 
Michael J., Brooks/Cole Publishing, Pacific Grove, Calif., 1994, 522 
pp., $26.25. 


Methods and Tools for Applied Artificial Intelligence. Popovic, Dobrivoje, 
and Bhatkar, Vijay P., Marcel Dekker, New York, 1994, 528 pp., $150. 


Principles of Signaling for Cell Relay and Frame Relay. Minoli, 
Daniel, and Dobrowski, George, Artech House, Norwood, Mass., 
1995, 305 pp., $77. 


Digital Image Processing Methods. Ed. Dougherty, Edward R., 
Marcel Dekker, New York, 1994, 504 pp., $150. 


Shop Floor Control Systems: From Design to Implementation. 
Bauer, A., et al., Chapman & Hall, New York, 1994, 344 pp., $43. 


Chaos in Wonderland: Visual Adventures in a Fractal World. 
Pickover, Clifford A., St. Martin’s Press, New York, 1994, 302 pp., $29.95, 
$41.50 (CAD). 


Soft Computing: Fuzzy Logic, Neural Networks, and Distributed 
Artificial Intelligence. Eds. Aminzadeh, Fred, and Jamshidi, 
Mohammad, Prentice Hall, Englewood Cliffs, N.J., 1994, 301 pp., $65. 


An Inventor in the Garden of Eden. Laithwaite, Eric, Cambridge 
University Press, New York, 1994, 289 pp., $24.95. 


Advances in Genetic Programming. Ed. Kinnear, Kenneth E., Jr., MIT 
Press, Cambridge, Mass., 1994, 518 pp., $45. 


Activity Costing for Engineers. Znnes, John, et al., John Wiley & Sons, 
New York, 1994, 154 pp., $69.95. 


SPARC Architecture, Assembly Language Programming, & C. Pax!, 
Richard P., Prentice Hall, Englewood Cliffs, N.J., 1994, 448 pp., $45. 


Information Systems Engineering: A Formal Approach. Van Hee, 
K.M., Cambridge University Press, New York, 1994, 421 pp., $44.95. 


Electrogastrography: Principles and Applications. Eds. Chen, 
Jiande Z., and McCallum, Richard W., Raven Press, New York, 
1994, 447 pp., $90. 


Advances in Electrochemical Science and Engineering, Vol. 3. Eds. 
Gerischer, Heinz, and Tobias, Charles W., VCH Publishers, New 
York, 1994, 250 pp., $120, $95 (subscription). 

(Continued on p. 74T4) 
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Defense to favor readiness 
above new arms purchases 


The Pentagon recently ordered the prepa- 
ration of plans to cancel or delay major arms 
systems still in development by the Army, 
Navy, and Air Force. 

The decision to prefer military readiness 
over modernization was necessitated by a 
tight budget and the fact that many deve- 
lopment programs of the 1980s are now 
reaching their expensive final procurement 
stage. With painful memories of the unpre- 
pared military of the late 1970s, neither 
Congress nor the Pentagon is about to sac- 
rifice funds for training and operations. 

In July, the U.S. General Accounting Of- 
fice estimated the Pentagon may come up 
$150 million short in its $1.2 trillion budget 
for 1995-99, as a result of having overstat- 
ed savings and underestimated costs. 

The order, conveyed in a two-page 
memo from Deputy Secretary John M. 
Deutch in August, asks the services to con- 
sider changes in 10 programs, including: 
¢ Canceling the Army’s new Comanche 
scout helicopter, a project of Boeing Co. and 
the Sikorsky division of United Technol- 
ogies Corp. 
¢ Canceling the Marine Corps’ V-22 Osprey 
tiltrotor aircraft, which is being developed 
by Boeing and Bell Helicopter Textron Inc. 
¢ Canceling the Tri-Service Standoff Attack 
Missile of Northrop Grumman Corp. 
¢ Postponing by up to four years the initial 
purchase of 422 F-22 fighter aircraft, built 
by Lockheed and Boeing. 
¢ Postponing the rate of production of de- 
stroyers built at shipyards in Maine and 
Mississippi and of the new attack subma- 
rine from the Electric Boat Division of 
General Dynamics. 


dapan patents entente cordiale 


US. inventors should benefit from an Aug- 
ust agreement signed by U.S. Commerce 
Secretary Ronald Brown and Japanese am- 
bassador Takakazu Kuriyama. The inven- 
tors should as a result be better protected 
and their applications processed faster. 
The Japanese Patent Office agreed to 
end three of its practices. As of April 1, 
1995, it will no longer allow third parties to 
oppose a competitor’s patent before it is 
granted. By July, it will cease awarding 
“dependent patent compulsory licenses,” 
which can force patent holders to license 
the use of their technology to competitors, 
thus limiting exclusive rights to their in- 





vention. And as of January 1996, an accel- 
erated patent examination procedure will 
let applicants obtain disposition of their ap- 
plications within 36 months upon request. 
The agreement requires the U.S. Patent 
and Trademark Office to publish pending 
patent applications 18 months after filing, 
starting with those filed after Jan. 1, 1996, 


and to expand reexamination proceedings to 
allow greater participation by third parties. 


Standards pact reached 


The U.S. National Institute of Standards 
and Technology (NIST) and the American 
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Wetted 


Spec Optics 


Open Stock 
Continual Producti 
Off-The-Shelf 
Systematic Scie 
Quantity Pricing 


rS . zz: a a 
Edmund Scientific Co. 
Dept. 14B1, N940 Edscorp Bldg., Barrington, NJ 08007-1380 USA 
MU US Ae Be ee YD a) Oo Lh AY A) 


FREE 220 PAGE CATALOG OF OVER 8,000 OPTICAL PRODUCTS 


ific Matrix 


We designed our expanding matrix of 
lenses, achromats and prisms to ac- 
commodate our industrial OEM cus- 
tomers and the research community. 
Our objective is to offer the finest 
optical elements available and to meet 
the service requirements of our cus- 
tomers. 


We are dedicated to keeping these 
elements in open stock and available 
to our customers. These optics are in 
continual production and we guaran- 
tee long term availability so tht they 
are ideal components for production 
items. Our inventory commitment to 
these optics is constantly growing and 
all orders for tech spec optics receive 


top priority. 

Wi PCX Lenses 

@ DCX Lenses 

Wi PCV Lenses 

Wi DCV Lenses 

@ Micro Lenses 

@ Achromatic Lenses 
@ Ball Lenses 

i Sapphire Windows 
Bi Optical Windows 
@ Corner Cube Reflectors 
Mi Right Angle Prisms 
@ Penta Prisms 

@ Littrow Prisms 
Dove Prisms 

i Equilateral Prisms 
I Wedge Prisms 

I Cube Beam Splitters 
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Washington watch 


National Standards Institute recently signed 
an agreement to develop the National Stan- 
dards Systems Network together. Its goal: 
to link the databases of hundreds of U.S. or- 
ganizations (including the IEEE) involved in 
developing, producing, distributing, and 
using technical standards. 

To be up and running in five years, the 
network will provide cataloging, indexing, 
searching, and routing with access to all re- 
gional, national, and international standards. 

The project is seen as slashing standards 
development time and costs. It should also 
minimize duplication of standards, increase 
standards dissemination to small businesses, 
and enhance involvement in national and 
international standards activities. It is fund- 
ed by a grant from the government’s Tech- 
nology Reinvestment Project. 

For more details, contact David Cran- 
mer, B115 Polymer Bldg., NIST, Gai- 
thersburg, Md. 20899-0001, 301-975-5753; 
e-mail, cranmerd@micf.nist.gov. 








Reinventing government 


Despite some “impressive results,” Vice 
President Albert Gore’s initiative to “rein- 





vent government” has undercut its own 
chances of long-term success, said a study 
by the Brookings Institution here. 

The successes include a “major reform of 
the government’s contracting rules, an 
effort to better coordinate Federal manage- 
ment,” and the establishment of four prin- 
ciples—cutting red tape, putting customers 
first, empowering employees to get results, 
and returning to basics—to guide govern- 
ment bureaucrats. 

One of the obstacles to long-term success 
is the lack of a strategy for winning congres- 
sional support. Moreover, though the biggest 
savings are to come from cutting the num- 
ber of Federal employees, no analysis has 
been done of whether the downsizing would 
shrink government in the right places. 


EE) 
Policies for EEs 


Information on the IEEE’s government 
relations policies is available to electrical 
engineers through the Internet. Included is 
the IEEE-U.S. Activities Legislative Report 
(info.ieeeusa.legrpt@ieee.org), a chronolo- 
gical log of IEEE-USA testimony and com- 
munications with public policymakers 
(info.ieeeusa.policy@ieee.org), and a list of 
position statements (info.ieeeusa.pos@ 
ieee.org). To obtain these files, send an e- 








mail request via Internet: no subject line 
or text message is required. For more 
information, contact Chris Brantley by e- 
mail (c.brantley@ieee.org) or by voice in 
Washington, D.C., at 202-785-0017. 


PRR | REESE ORE SSS ae 
Metric plea, again 


Continuing its metric campaign, the U.S. 
National Institute of Standards and Tech- 
nology sounds almost frustrated and impa- 
tient in a new report by Gary Carver, a 
physical scientist in the Manufacturing 
Engineering Laboratory. 

“The metric system cannot be avoided in 
international trade and commerce,” Carver 
states. “It will be interesting to see how 
long the United States can hold out against 
the worldwide use of the International Sys- 
tem of Units, the modern metric system. 
What is even more curious is why would 
the world’s leading industrial nation want 
to resist using a world standard?” 

The report, “A Metric for Success,” dis- 
cusses metric trends and the history and 
the role of the Commerce Department in 
the transition to the metric system. Copies 
of NISTIR 5425 are available for the ask- 
ing at 301-975-3690; fax, 301-948-1416. 





John A. Adam Washington Editor 











ENGINEERS 


& SCIENTISTS: 
SEEKING A NEW OR 
PARALLEL CAREER?? 


We have trained thousands of 
people who have degrees in science 
and engineering, rapidly and 
inexpensively, to become patent 
agents licensed to practice patent 
law before the U. S. Patent Office. 
They are working in this lucrative 
and intellectually satisfying field as 
patent agents right now, and are 
doing so from locations all over the 
United States. 

Under Federal law, a patent agent 
must have a degree in engineering or 
science and be knowledgeable in patent 
law, but he or she need not be a lawyer. 

To help you decide whether you 
would enjoy a career in patent law, you 
can obtain free and totally authoritative 
information from the most widely 
recognized patent law educator in the 
country, Professor Irving Kayton, by: 
*electronic browsing and 

down-loading, via Internet: 
gopher patentinst.infor.com 4400 
®printed text mailed to you in 
response to your request, via 
America Online: PatentInst 
Internet: patentinst@aol.com 
Fax: 1-804-296-3999, or 
Write: Patent Resources Institute, Inc. 
Post Office Box 1249 
Charlottesville, VA 22902 
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Announcing a new IEEE Videoconference 


MAXIMIZING PRODUCTIVITY: Redesigning The 
Engineer And Designing For Maintainability 


Wednesday, December 7, 1994 
12:00 - 3:00 pm ET 


This program will help engineers... 


e Take a broader perspective of process steps and concerns which 
will bring about reductions in cycle time 


eliminate the “Not-Invented-Here” syndrome by planning 
for,implementing and adopting the reuse existing designs 


¢ Continuously engage in process improvement 
e Improve the personal skills expected of the engineer 


Available at per person prices 
to $100 and site prices to $1800. 
Volume discounts available 


Contact IEEE Educational Activities 


for more information 

Dr. Robert Kahrmann 

908 562-5491 © fax 908 981-1686 
email: r.kahrmann@ieee.org 
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An eye-popping summer 


Since making a splash with the watery, 
strangely goofy extraterrestrial in the 1989 
motion picture The Abyss, computer-gen- 
erated imagery and special effects have 
figured memorably in a number of films—the 
morphing of Terminator 2 in 1991 and the di- 
nosaurs of last year’s Jurassic Park come to 
mind. But the summer of 1994 will surely go 
down as the time when Hollywood’s flirtation 
with digital effects turned into a flamboyant 
love affair. 

Movie after movie dazzled with effects, 
which in kind and quantity had never quite 
been seen before. In Forrest Gump, actor 
Tom Hanks was convincingly inserted into a 
variety of vivid panoramic and historical 
scenes, as well as into ceremonies with no 
fewer than three U.S. presidents. In The 
Flintstones, actors appeared to bestride 
natural-looking dinosaurs, and the family pet, 
Dino, was entirely computer generated. True 
Lies, a comedy thriller, had leading man 
| Arnold Schwarzenegger flying a Harrier 
jump-jet in one of the more tense family 
outings in recent memory. And in The Mask, 
the green title object turns a wonkish bank 
clerk into a grinning, jive-talking, eye-popping, 
jaw-dropping chimera familiar to anyone who 
has ever seen the classic U.S. cartoons of the 
1940s, 50s, and ’60s (see photo, above). 

“We now have the ability to create ‘real’ 
characters, and ‘real’ story elements, using 
effects,” said Stephen Gray, vice president 
of technology at Digital Domain, a motion- 
picture production and special effects com- 
pany in Venice, Calif. “There are pictures in 
production now where the central element 
is effects. Characters, or embellishments on 
characters, are so photorealistic that they 
blend into the picture.” 

Of the past summer’s releases, The Mask 
stands out for its bald confirmation that digital 
imagery and effects have become integral to 


| an expanding group of mainstream Hollywood 


movies, most of which would be unexceptional 
or even pointless without the digital assist. 
“The Mask is not so much a movie, more a 
feature-length demo reel for the wonders of 
digital conjuring on screen,” wrote film critic 
Nigel Andrews in The Financial Times. “You 
end up enthused by the product but won- 
dering, before you take out your cheque book, 
whether you should not wait a little longer 
while they improve the story-packaging.” 
Moviegoers and most other critics were 
not so demanding, however, auguring no letup 
in effects-stuffed films and in ever-more as- 
tounding effects. “In the past, it was the 
science and engineering markets who would 
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be really the ones who were pushing us, but 
now, more often than not, it’s the enter- 
tainment community, and the science and en- 
gineering communities are benefiting from 
the advances,” said Greg Estes, product line 
manager in the advanced graphics division at 
Silicon Graphics Inc. in Mountain View, Calif. 
The company reckons it has nine-tenths of 
the market for the hardware used to create 
three-dimensional effects in film and video. 

Most of the effects in all but one of the 
movies mentioned here were the work of 
Industrial Light & Magic (ILM) in San Rafael, 
Calif., the world’s largest company devoted to 
visual effects. The exception is True Lies, 
whose effects were the work of the recently 
formed Digital Domain, owned by IBM in part- 
nership with the film director (and former en- 
gineering student) James Cameron and 
others. (ILM itself is a division of Lucas Digital 
Ltd. in Nicasio, Calif.) Between them, ILM and 
Digital Domain account for a substantial 
portion of the computer-generated effects in 
big-budget Hollywood motion pictures. 

ILM is linked to Silicon Graphics through 
a Joint Environment for Digital Imaging, 
which an ILM spokesperson described as 
“an arrangement by which we get a lot of 
equipment, especially before it’s available in 
the marketplace. The name of the game is 
processing power. That’s the hurdle stan- 
ding in the way of more and more intricate 
effects.” Tom Williams, the executive in 
charge of digital effects at ILM, noted that 
moviemakers “keep raising the bar in terms 
of what audiences see.” So, despite great 
leaps in processing power, the time needed 
to render a frame appears to be holding 
constant at about an hour. 

To date, ILM has accumulated 140 Silicon 
Graphics machines, “but by the end of the 
year it will be more like 180,” the ILM 
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spokesperson said. Ranging from desktop 
systems to top-of-the line Onyx graphics 
workstations and a 36-processor Challenge 
“super” server, ILM’s arsenal is probably 
the most powerful ever assembled in the 
entertainment world. 

Digital Domain is not far behind, though, 
with its own growing collection arrayed in a 
“multi-tiered environment,” according to 
Stephen Gray. The arrangement is consis- 
tent with the company’s mission, to be “a fa- 
cility where directors can have a more inter- 
active experience in creating their films,” 
Gray explained. Thus, an assortment of low- 
and very high-end platforms are used for ap- 
proximating and previewing two- and three- 
dimensional effects—“to allow directors to 
come in and see how effects will look...to give 
them a feel for the nature of the effects,” 
Gray said. For economy, the effects them- 
selves are created on mid-range work- 
stations, like Silicon Graphics’ US $50 000 
Indigo2 Extreme Graphics. 

As for software, both ILM and Digital 
Domain use a mix of their own and commer- 
cially available packages, the latter partic- 
ularly to accomplish four of the fundamental 
steps that go into a typical special effect: 
modeling, animation, painting, and rendering. 
In modeling, the shape and structure of the 
objects to be seen on screen are conjured up; 
for this ILM uses software from Alias in To- 
ronto. For animation, in which the seeming 
objects are induced to move and otherwise 
brought to life, the company uses a program 
from SoftImage in Montreal. To paint, or 
color, the objects and images, ILM uses Ma- 
tador, from Parallax Software Inc., London. 
Rendering, in which the completed image is 
drawn on the screen, is done with Render- 
Man, written by one of ILM’s predecessor 
companies but now enhanced and sold by 
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Pixar in Point Richmond, Calif. 

One secret of ILM’s success, 
however, is a large amount of in- 
house software. This is used for, 
among other things, compositing, a 
critical step in which images are 
combined into one sequence; it 
might involve the insertion of 
computer-generated animations 
into conventionally filmed (“live 
action”) footage, say, or the combi- 
nation of images from different 
live-action scenes, or both. 

ILM’s own software also ex- 
tends its abilities in modeling and 
animation. Programs for boosting 
the realism of flesh, muscle, tissue, 
and underlying biomechanical de- 
tails were used to model and 
animate the hides of dinosaurs in 
Jurassic Park and The Flintstones 
and the wildly expressive visage of 
protagonist Stanley Ipkiss in The 
Mask. Still other proprietary soft- 
ware is used to finely adjust and 
correct lighting and texture during 
rendering. 

Williams and others see the 
fruits of all this feverish program- 
ming going in two distinct direc- 
tions: “invisible” vs. “zany” effects. 
The first are designed to be indis- 
tinguishable from live action, as ex- 
emplified by most of the effects in 
Forrest Gump and also True Lies. 
The second include The Mask’s and 
The Flintstones’ variety, which 
depict things that are obviously well 
outside the bounds of reality but 
delight audiences with their outrageousness, 
cleverness, and/or verisimilitude. 

The first group, in particular, relies heay- 
ily on sophisticated, state-of-the-art compo- 
siting. The three-minute-long opening shot 
of Forrest Gump, in which a feather sug- 
gests a unifying theme by twisting, darting, 
and gliding at the mercy of serendipitous 
breezes, was a masterpiece of compositing 
and to date the most prolonged computer- 
graphics effect ever accomplished at ILM. 
“There’s a certain beauty in the simplicity of 
that shot,” said Williams. 

A real feather was filmed on a set against a 
blue-screen background (the color is chosen 
so as to be readily removed during com- 
positing). Meanwhile, actor Tom Hanks was 
filmed sitting on a bench, including some 
close-ups showing an identical, second, feather 
at his right foot. (This look-alike feather was 
necessary because Hanks picks it up at the 
end of the sequence.) In compositing, the first 
(blue-screen) feather was added to the live 
action. The feather at Hanks’ foot, meanwhile, 
was painted out of the scene until the end, at 
the instant when the first feather “lands” 
there—visually becoming the feather at 
Hanks’ foot [see photos, opposite pagel. 








Although compositing was the basic tech- | 
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A cartoonish wolf's head is the inevitable result of 
laying eyes on a comely torch singer in The Mask. The 
complex effect required modeling and animation of the 
head, and compositing to “remove” actor Jim Carrey’s 
head and replace it with the wolfs. 


nique that made the whole sequence pos- 
sible, others were required for the details 
that turn the final, composited and rendered 
footage into something virtually indistin- 
guishable from conventionally filmed live 
action. For example, the first feather had to 
be “lit” just like everything in the live action, 
and also had to cast the correct shadow on 
Hanks as it drifted in front of him. 

For these details, ILM’s programmers 
[IEEE Spectrum is pleased to eschew the 
term “wizards”] relied on techniques in which 
a computer determines key lighting and focal 
aspects of a shot, and ensures that all the 
composite elements in the final shot conform 
to them. The “computer-camera” technique, 
first used for effects in Jurassic Park, in effect 
matches the computer imagery to the geo- 
metry, angle, and focal characteristics of the 
related live action. The process takes estab- 
lished reference points and objects visible in 
the live action—furniture, and so on—and 
from them deduces the angle of the camera, 
its optics, and other key parameters. “If you 
have enough points, it’s a fully constrained 
problem, so you know there’s only one way 
the camera could have gotten that image,” 
Williams explained. 

Though intriguing for its duration and sim- 








plicity, the feather sequence was only the be- 
ginning of what ILM did for Gump. Also gen- 
erated by computer were: crowds in a football 
stadium and at ping-pong matches (and even 
the ping-pong balls); attack jets, explosions, 
and bullet tracers in a harrowing war scene; a 
flock of birds that takes off, as if on cue, when 
a little girl is praying behind her house; most 
of the sunsets, and many of the rainstorms. In 
the most talked-about effects, Hanks appears 
to meet and converse briefly at various times 
with three former U.S. presidents, John Len- 
non, and the talk show host Dick Cavett. In 
another marvel of compositing, the images of 
the legs of actor Gary Sinise were removed 
for scenes in which he appears as an amputee. 

Extensive compositing was also needed to 
create the final scenes of True Lies, in which 
Arnold Schwarzenegger, thanks to Digital | 
Domain, appears to use a hovering Harrier to 
rout terrorists from a skyscraper’s upper 
floors. Scenes depicting the actor in a full- 
size Harrier on a motion base, with the wind 
blowing his hair, against a green (rather than 
blue) matte background, were filmed sepa- 
rately from shots of a crowd of people on the 
ground, which had to be distorted to simulate 
the exhaust from the jet. Other effects sim- 
ulated the depth of field and perspective of a 
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Revolutionize the way you search and 

_ compare ICs and discretes. CAPS Xpert 
has over 1.5 million devices. More than 
730,000 datasheets. In a Windows™ 
environment that lets you tailor 
searches. Use CAPS Xpert for characteris- 
tic searching, instant up /downgrading, 
automatic replacement parts ID, and pin- 
for-pin replacement. Graphical pinout 
displays show the physical properties of 
the device and standard package out- 
lines. You can even add your own inter- 
nal parts data. CAPS Xpert—it’s the 
fastest path to increased productivity 
and better design decisions. 


For details, circle reader service number 
Circle No. 17 


IHS’s Worldwide Standards service deliv- 
ers more than 90 percent of the world’s 
standards—including U.S. industry stan- 
dards, non-US. national standards, and 
international standards—right on your 
desktop. You can access bibliographic 
data on more than 100,000 standards 
from close to 400 developing bodies then, 
in many cases, go right to full-text 
images of the information you need. 
Worldwide Standards is on CD-ROM, and 
can be stand-alone, or networked. 


For details, circle reader service 
number Circle No. 18 
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Ex 
productivity! 


Cycle times get shorter when cross- 
functional teams can access the same 
information at the same time—so that 
design, component engineering, Q/A, 
logistics, and manufacturing can all help 
contribute to better, more efficient 
design and production. The IHS solution? 
Congruity™ Integrated Information 
Solutions, a new software platform that 
provides an intelligent approach to inte- 
grated information management and 
retrieval in a multi-application, net- 
worked environment. 


Congruity incorporates search and 
retrieval, image viewing, and systems 
administration software that can inte- 
grate your internal data with a choice 
of IHS databases, such as parametric 
component databases, worldwide stan- 
dards, DoD specs and standards, and 
vendor catalogs. The result? A seamless 
data repository of internal and external 
information that can be used to help 
achieve concurrent engineering and 
increased productivity. 


For details, circle reader 
service number Circle No. 19 
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Does your organization have engineers 
searching for technical information on 
a regular basis? Then you need our 
Technical Information Evaluation (TIE) 
on diskette. This important, new tool 
will help you see exactly how much 
time you're losing to these searches. 
Just plug in your own numbers in cate- 
gories such as number of searches con- 
ducted per week, amount of time per 
typical search, number of engineers at 
your facility, etc. Mail the TIE to us and 
we will calculate for you the exact 
number of hours and dollars you would 
save with information from IHS. We 
will even show you how long it will 
take to get a payback on your invest- 
ment in IHS information. If you want 
to increase engineering productivity, 
this is truly a “must have” tool. 


For your free TIE diskette, 
circle Circle No. 20 


























camera’s lens. To pull the whole thing to- 
gether, Digital Domain used its own compo- 
siting software, plus packages called Flame, 
from Discrete Logic Inc. in Montreal, and 
Video Composer, from Wavefront Tech- 
nologies in Santa Barbara, Calif. 

In another notable sequence in the movie, 
jet pilots appeared to fire missiles at bridges 
in the Overland Highway connecting Flo- 
rida’s keys. It required modeling and ani- 
mating the missiles and also their smoke— 
always a problem. It was solved in this case 
with the particle-animation capabilities of a 
package called Prisms, from Side Effects 
Software Inc. in Toronto. 

While compositing of course matters in a 
movie like The Mask, such a film’s outré cre- 
ations are more a testament to modeling and 
animation and the human imagination behind 
it all. The Mask aimed its cartoonish con- 
tortions and distortions at pleasing baby 
boomers raised on technicolor mayhem, 
and a fairly typical scene revolved around 
the transformation of the hero’s head into 
a wolf-caricature. Here, compositing was 
used not only to remove the image of actor 
Jim Carrey’s head, but also to reinstate any 
background objects that were originally 
blocked as his head moved but that would 
be visible when the wolf head was on his 
shoulders [see photos, p. 20]. 

The wolf head itself was first modeled 
with a “wire frame” to gain a quick, appro- 
ximate idea of how it would move. Then 
the head was fleshed out, as it were, and 
animated, painted, and composited into the 
live action scene atop Carrey’s shoulders. 
Finally, the entire image was rendered. 

The filming of the live action for such 
scenes presented unusual challenges. For 
example, when the script called for the 
wolf character to kiss his fingers in appre- 
ciation, Carrey had to take the long snout 











In the motion picture True 
Lies, several sequences, 
beginning with an actor 
standing atop a green 
background, were digitally 
composited and the green 
color removed to make it 
look as tf a terrorist was 
launched while dangling 
Srom an air-to-air missile. 


into account, since the wolf’s lips were some- 
where out in center field compared to his 
own. But the actor’s uncanny ability to mimic 
cartoon beasts reduced the need for any 
serious visual touching-up. “Jim Carrey was 
probably the best actor we could have hoped 
for,” said Williams. “He probably saved a 
fortune in special effects.” 

Perhaps surprisingly, despite all its visual 
mayhem, The Mask had significantly fewer 
special effects than Forrest Gump. With 
over 180 shots, or separate bits of screen 
footage, occupying just over 22 minutes of 
screen time, Gump’s digital effects are the 
most extensive in a Hollywood film to date. 
The Mask had about 80 shots lasting 
roughly 10 minutes—still more than Juras- 
sic Park (60 shots, 6.5 minutes), Terminator 
2 (less than 5 minutes), and The Abyss (less 
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than 1 minute). As for how long this 
means people had to sit in front of work- 
stations, Jurassic Park’s effects occupied 
the attention of about 50 ILM staffers on 
and off for about a year and a half. 

Digital Domain now has two feature 
films in production, Apollo 13, directed by 
Ron Howard, and Strange Days, which 
Gray described as “kind of sci-fi, grunge, 
postnuclear, horror; it’s got a little bit of 
everything in there.” Of the two, Apollo 13 
will be the more effect-laden, with per- 
haps as much as 15 minutes’ worth. “I 
hope no one thinks there are any effects 
in it at all,” Gray said. At the same time, 
the company has launched “an internal 
R&D effort to do photorealistic, humanoid 
characters using motion-capture and ad- 
vanced 3-D animation and rendering,” and 
has bid on various movie projects “in- 
volving either computer-graphics—gen- 
erated characters central to the entire 
film, or in which 3-D computer graphics 
helps tell the story,” Gray disclosed. 

With more people and more work- 
stations, and a moviegoing public ravenous 
for special effects, the time devoted to 
special effects will go up. A movie based on 
the “Casper the Friendly Ghost” cartoon, 
with effects by ILM, is currently being 
produced by Steven Spielberg for release 
next year. It will have in the region of 400 
special-effects shots occupying around 35 
minutes of screen time. 

“Casper is our next step,” said Williams. “We 
will be getting more involved in creating pro- 
tagonists and antagonists that exist throughout 
the movie” (as in The Mask). 

“In a way,” he added, “ ‘visual effects’ is 
going to become an antiquated term in the 
next three or four years. It will be just an- 
other set of tools the filmmaker uses.” 





Glenn Zorpette 








A so-called invisible effect is meant to be in- 
distinguishable from live action. In the movie 
Forrest Gump, for example, a three-minute- 
long opening shot follows a feather that floats 
through the city of Washington, D.C., and 
lands on Gump’s shoetop. A real feather was 
shot against a blue background, which is 
then digitally replaced by the street scenes. 
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_... Or 911 for that matter. And although things.were a’bit tougher way back when, 
3, 3:8 moving a business is still no small venture. Which is why TU Electric provides you with 
‘some of the nation’s best relocation sites. And with the help of our 1-800 number, we 
‘can doa big portion of your legwork for free: ‘Making your move less than ‘an:expedition.., 


So give John Prickette a.call at 1-800- 42) “2489 or fax are 
us at (85 954-5456 and let TU Electric eet you settled. © 22 "TUE SE CTR IC 

















ELECTROTECHNOLOGY IN THE SERVICE OF MANKIND 





By communica- 
ting through his 
large-screen TV 
set, Dave Ward 
can open win- 
dows, check entry- 
ways, unlock 
doors, and watch 
his favorite TV 
programs. For the 
first time since an 
accident paralyzed 
him in 1977, he 
has also gained 
enough control 
through technol- 
ogy to go outdoors 
on his own or read 
a book (on CD 
ROM) without as- 
sistance. Multiple 
technologies used 
at the Future 
Home Institute in 
Baltimore, Md., 
have been his 
liberating agents. 


Technology combats disabilities 


Technology can circumvent some biological impediments, 
but much work remains for rehabilitation engineers 


n this issue, IEEE Spectrum 
begins a series of articles on 
engineering accomplishments 
for the common good—efforts 
that show how electrotechnolo- 
gy is being used in the service 
of mankind. Among the areas 
to be covered are physical dis- 
abilities, education, food de- 
velopment, and security. 

Our first focus is on advances in equipment 
that offset physically functional limitations. 
In “Technology combats disabilities” [pp. 
24-26], we discuss how disabled and elderly 
people are using aids that enhance mobility 
(walking a certain distance, lifting a weight, 
or climbimg stairs) as well as sensory facul- 
ties (seeing print, hearing conversation, and 
speaking intelligibly). 

In “Advancing step by step” [pp. 27-31], 
we examine how electrical stimulation ts 
being used to help mobility. Although pre- 
sent experimental systems are far from re- 
storing the normal use of one’s legs, they 
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could extend the range and independence 
of wheelchair users. 

Other articles in the series on technology 
and the disabled will examine such topics as 
cochlear implants for the deaf, navigation 
systems for the blind, robotic-assistive devices, 
and artificial speech generation. —Ed. 


Most people, if they live long 
enough, will become disabled. 
Millions already—whether by 
birth, or through illness or an 
accident—have physical limita- 
tions that affect their mobility 
or their ability to see, hear, or 
speak. 

Fortunately, helping to over- 
come such difficulties are ad- 
vances in technology that now 
allow computers to supply in- 
formation for impaired senses 
and for controlling limbs and other bodily 
functions. As a result, people who are deaf, 
blind, or confined to a wheelchair are inte- 
grating into society as never before. 

“Technology is increasing their indepen- 
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dence—in some cases, making them total- 
ly independent—and opening up job op- 
portunities,” observed speech and lan- 
guage pathologist Gail Pickering, who 
works for the Office of Disabled Student 
Services at the California State University, 
Northridge. 

That boost to self-reliance has largely re- 
sulted from two trends. One is the eager- 
ness with which people have accepted the 
Information Age. The text and graphics 
basis of computer networks disregards dis- 
abilities like deafness or lack of 
speech. With the emergence of 
electronic mail as a conversa- 
tion equivalent, access to many 
kinds of interaction and even 
employment is possible from 
anyone’s home. 

The second trend is the de- 
velopment of more powerful 
tools for people who are dis- 
abled. Much has changed since 
the early 19th century inven- 
tion of Braille. In the last few 
decades, work along all fronts 
has taken off. Engineers, with disabled 
people in mind, are designing products 
ranging from robotic devices to virtual 
reality interfaces. Examples include an ap- 
paratus that helps those suffering from 
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strokes to lift objects, large vocabularies of 
accessible synthetic voice that aid people 
with speech impediments, and more capa- 
ble wheelchairs. 

The multidisciplinary field is known as 
rehabilitation engineering. In any previous 
age, the attainment of its loftiest goals would 
have been called a miracle—to give sight to 
the blind, hearing to the deaf, speech to 
those who cannot talk, and mobility to the 
paralyzed. Nonetheless, despite the enor- 
mous strides made in the last 20 years, “the 
present level of available functional restora- 
tion still pales in comparison to the capabili- 
ties of nondisabled individuals,” said Charles 
J. Robinson, chairman of the department of 
rehabilitation, science, and technology at the 
University of Pittsburgh. He is also editor of 
the IEEE Transactions on Rehabilitation 
Engineering. 

A more modest goal in rehabilitation en- 
gineering is to develop products and aids 
from which individuals can select. Some 
items substitute for biological systems, 
such as cochlear implants for hearing; but 
more often today, they are assistive tech- 
nologies with which people can work 
around biological impediments. 

Users like variety, commented Lawrence 

Scadden, senior program director of the 
National Science Foundation’s Persons with 
Disabilities Program. For one application, a 
blind person might prefer to use a speech- 
generating computer, and for another, re- 
freshable Braille output, which can be read 
at over 250 words a minute. 
GROWING MARKET. Definitions of disability 
vary. The U.S. Census Bureau states that 49 
million people—nearly one-fifth of the U.S. 
population—are in some way disabled; nearly 
half—24.1 million—have a severe disability, 
in which a physical shortfall is coupled with a 
mental illness like Alzheimer’s disease. About 
37 million persons in the United States over 
the age of 15 are affected by functional lim- 
itations (the focus of this series), according 
to an analysis by Irving K. Zola in the Jour- 
nal of Disability Policy Studies (Vol. 4, no. 
2, 1993). 

Changing demographics will add to the 
latter group. In the United States alone, 
the 1990 census counted more than 31 mil- 
lion people aged 65 or older, comprising 13 
percent of the adult population. In 1980, 
this age group was 11 percent of a smaller 
total. In another decade and a half, the per- 
centage is likely to start rising steeply as the 
post-World War II Baby Boomers reach 
retirement age. 

With suitable technological assistance, 
these elderly men and women may prolong 
their independence and reduce or post- 
pone their need for specialized care. Their 
quality of life may be improved and the 
costs of their health care reduced. 

Products originally designed for persons 





Adam—Technology combat disabilities 





with disabilities have sometimes proved 
useful to the able-bodied as well. The type- 
writer was intended for blind users, and the 
telephone resulted from Alexander Graham 
Bell’s work for the deaf. More recently, dis- 
abled persons have helped develop speech- 
recognition technology, although the initial 
research was targeted for fighter pilots, ac- 
cording to Susan Brummel, director of the 
Clearinghouse on Computer Accommodation 
of the U.S. General Services Administration, 
Washington, D.C. 

Attacking barriers in multiple ways opens 
up new possibilities for everyone, said 
Brummel, who believes information should 
not be limited to a single means of output. 

For individuals with disabilities, an extra 
choice of output may be vital. For society 
in general, an array of choices offers con- 
venience and flexibility. Citing electronic 
mail, Brummel asked rhetorically, “Who 
would have thought typing words would be 
preferred to the telephone?” Similarly, the 
augmentation of visual information by 
speech systems can be handy for car drivers 
as well as for blind persons. 

Closed captioning on television was devel- 

oped for the hard of hearing, but is also being 
used to teach English as a second language 
and better speech to the semiliterate, ob- 
served Dinah Cohen, director of the Com- 
puter Electronic Accommodations Program 
at the Defense Medical Systems Support 
Center, Alexandria, Va. Voice-recognition 
systems may do as much for persons whose 
hands are occupied as for those with para- 
lyzed limbs. They can also be used in data 
entry to reduce the number of keystrokes 
needed, and hence the incidence of repeti- 
tive strain injuries, noted Brummel. 
MULTIPLE ACCESS. Multiple modes of access 
are stirring interest as a possible feature of 
more consumer products. This news could 
cheer not only the disabled but anyone who 
has encountered trouble in programming a 
videocassette recorder. 

“We've been pretty passive in taking 
what’s been pushed our way,” Brummel 
said. “People have been accommodating 
the technology rather than vice versa.” 

Ease of access to consumer products is 
not covered by the 1990 Americans with 
Disabilities Act, which prohibits discrimina- 
tion against the disabled in almost every- 
thing else—employment, public services, 
accommodations, transportation, and tele- 
communications. But some companies, 
under the aegis of the Electronic Industries 
Association (EIA), Washington, D.C., are 
looking at designing accessibility into gen- 
eral products right from the start. The ef- 
fort is driven by market demographics (not- 
ably the aging Baby Boomers) and the de- 
sire to anticipate Government mandates. 

Products that give accessibility to the dis- 
abled and elderly may also make life easier 








for the general population, according to act- 
ing director Timothy Farr of the technology 
applications program of the Electronic 
Industries Foundation (EIF), an EIA off- 
shoot. Participating companies in the nas- 
cent EIF project include AT&T, Thomson, 
and Matsushita. 

“You can’t design a product that every 
single person in the world can use,” Farr 
conceded. “But the intent is to maximize the 
potential.” The goal is to make products 
simpler and easy to use. Farr envisions com- 
puters with voice output commonly being 
purchased in the general market. Stereos 
will have larger readouts as well as voice 
output. The incremental costs of many func- 
tional redundancies of this nature, if planned 
during the design stage, would be marginal, 
Farr believes. Computing advances will con- 
tinue to expand functionality at lower costs. 

The EIF effort, which Farr expects to be 
in full swing within a few years, would con- 
fer a sort of EIA label of accessibility on 
consumer products. Optional cassettes 
might be available at stores for those who 
cannot read the manual. Various icons 
would indicate accessibility in any combina- 
tion of seven categories: blindness, poor 
vision, mobility and dexterity, deafness, and 
impairment of hearing, cognition, or speech. 
INDEPENDENCE AT HOME. Equipping people 
who are disabled and elderly with the means 
to be more independent also could help con- 
trol health care costs. A recent study by the 
World Institute on Disability, a think tank in 
Oakland, Calif., showed that when state 
agencies cared for individuals with dis- 
abilities, the cost was nearly double that of 
independent contractors. The use of tech- 
nology might further that reduction. 

The possibilities are evident in a 135- 
year-old historic home outside Baltimore, 
Md. The house was recently gutted and fit- 
ted with high-tech gear by the Volunteers 
for Medical Engineering (VME), a group 
founded in 1982 by John Staehlin, an electri- 
cal engineer at Westinghouse Electric Corp. 

Opened in June, the Future Home Insti- 
tute demonstrates how current technology 
can make houses more accommodating to 
inhabitants, no matter what their function- 
al limitations—and can lighten the load on 
their families and caretakers, said Jeffrey 
Jerome, director of Future Home. 

Briefing a Spectrum visitor on a tour of 
the showcase house in August, Jerome 
showed how monitoring gear installed in 
all the rooms made residents feel confi- 
dent that any developing emergency would 
be detected quickly. 

In many cases, Future Home has conve- 
niences that any upscale technophile would 
pounce upon, underscoring the universal 
design element. “There are five or six 
ways to control everything in this house,” 
boasted Jerome. Among the choices are 
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track balls, push buttons, remote controls 
with large buttons or touch screens, and 
voice-recognition units. 

Also conducting the tour was Charles 
(“Dave”) Ward, whose concept it was— 
along with VME—to build the house. 
Ward, who will be living there with his wife 
and a caretaker, has been active in designs 
of this kind since a fall from a tower in 
1977 paralyzed him from the neck down at 
the age of 31. 

Ward said that he plans soon to gradu- 
ate to a powered wheelchair. Then, for the 
first time since his injury, he will be able to 
leave home on his own, thanks to the 
house’s automated doors and the chin con- 
troller on the chair. 

Occupants of the house control its work- 
ings through menus on TV sets in various 
rooms. The TV set won out over a comput- 
er as the central control unit “because it is 
less intimidating” and can be accessed from 
a distance, said Jerome. Without interrupt- 
ing normal television programming, a view- 
er can touch a remote device to pull down 
the screen menus. By choosing options on 
the menu, the user can open power win- 
dows for ventilation, check images from 
infrared video cameras in bedrooms or 
entryways, or activate the closed captions 
for, say, the “Oprah” show. 

Users can also call up a CD ROM from a 
Tandy player to read in large print what is 
shown on the television screen. The basic 
hardware and operating system for the TV 
interface were produced by Interior Sys- 
tems Designs, Sun Valley, Calif., which does 
building automation work. Software was 
custom-written by VME. 

When someone enters a room, infrared 
and wheelchair sensors signal doors to slide 
open and lights to turn on. At just the push 
of a button, kitchen cabinets and counters 
descend electrically, and temperature and 
water flow from the faucets are adjusted. 
The need to move around is minimized be- 
cause many of the house’s features, includ- 
ing the powered windows and the front 
door lock, can be manipulated from a chair, 
wheelchair, or bed. 

Ward’s 30 000-word Dragon Dictate sys- 
tem now enables him to enter about 30 
words per minute. Previously, he had to 
hold a mouse stick between his teeth to in- 
put data to a 486 computer, and managed 
perhaps six to eight words a minute. “My 
teeth would ache at the end of the day,” he 
said. The new unit, from Dragon Systems 
Inc., Newton, Mass., lists for $695 (or $995 
for a Windows version). 

The fact that the household functions 
are programmable means they can be 
matched to any combination of disabilities 
(mobility, visual, auditory, or cognitive). 
Telephone calls may be placed by voice 
anywhere in the house, providing residents 
with a sense of security, even without a 
full-time caregiver. Reminders for cogni- 
tively or memory-impaired individuals— 
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that they take a pill, for instance, or make 
a check-in call—can be announced over 
the house’s intercom system. 

At Future Home, demonstrations are 
also given of easy-to-use interfaces for a 
home office that will incorporate such fea- 
tures as home banking, shopping, and so 
on, as the services develop. Ward said he 
looked forward to the Baltimore County 
Library coming on-line. 

For the project, low-voltage wiring— 

5000 meters of it—was installed, as well as 
US $65 000 worth of technological equip- 
ment, including three computers, three 
voice-recognition units, and another 10 
products containing computers. The most 
expensive item had a retail price of $5000; 
most items were less than $1000. The 
costs are relatively small compared to the 
$40 000-$50 000 yearly cost of institution- 
al care, according to the VME. 
CAUTIONARY NOTES. Even although technology 
has greatly improved the quality of life for 
the disabled, experts like Brummel warn that 
such developments as the rich sensory envi- 
ronments of multimedia communications 
threaten to bypass them. The protection of 
disabled people’s right to access information 
is prominent in the Clinton administration’s 
concept of the emerging National Information 
Infrastructure. 

At its demonstration center in Wash- 
ington, D.C., the U.S. General Services Ad- 
ministration’s Clearinghouse on Computer 
Accommodation shows visitors model devel- 
opments in information technology that as- 
sist disabled people, like appropriate multi- 
media kiosks. The clearinghouse’s Brummel 
said the Government in this instance appears 
to be leading industry. 

Other notable efforts are under way at 
the Trace Center at the University of Wis- 
consin, Madison, which is working with 
computer and software makers to improve 
accessibility to their products, as well as at 
Stanford University’s Center for the Study 
of Language and Information, where re- 
searchers are working on next-generation 
technologies with the disabled in mind. 

According to Lynn Bryant, director of 
Abledata, a clearinghouse of information for 
the disabled located in Silver Spring, Md., 
some 19 000 products of assistive technol- 
ogy are being produced by 2500 manufac- 
turers. “In the past, assistive devices have 
been enormously expensive,” she said, in 
part because they followed the health care 
model (where costs are dissipated among 
large bureaucracies). But now consumers, 
who are more economy minded, are com- 
parison shopping with the help of clearing- 
houses like Bryant’s. 

In many instances, “each one of the pro- 
ducts is the lifeblood of the person,” noted 
Lucy Trivelli, project director at Resna, an 
Arlington, Va.—based interdisciplinary 
association for the advancement of rehabil- 
itation and assistive technologies. 

Because of the essential nature of many of 











these devices, concern over product liability 
can scare small companies away, noted Steve 
Reeger, director of rehabilitation technology 
at the Cleveland Clinic Foundation in Ohio. 
And the fact that many are niche markets 
deters large companies. For instance, 1.2 
million people use wheel chairs in the United 
States, and perhaps only a few hundred thou- 
sand will buy a new one each year. 

To woo small companies, the National 
Technology Transfer Center, in Wheeling, W. 
Va., is designing a strategy to help them 
develop assistive technologies. “Most produc- 
ers are small and the failure rate is very 
high,” said Jerry Duskin, a consultant at the 
center who believes greater cooperation with 
Federal laboratories may be an answer. 

As disabled persons gain influence and a 

greater acceptance into everyday society, 
technology is helping them to grow more 
independent. How to ensure—and en- 
hance—that participation seems a goal 
well worth pursuing. 
TO PROBE FURTHER. Upcoming conferences 
on technology and disabilities are scheduled. 
The IEEE Engineering in Medicine and 
Biology Society’s annual conference in Bal- 
timore, Md., will be held Nov. 3-6 (contact 
Steve Martin, Meeting Management Inc., 
Irvine, Calif.; 714-752-8205). On March 
14-18, the 10th annual “Technology and 
Persons with Disabilities Conference” is to 
take place in Los Angeles (contact Harry 
Murphy, California State University, North- 
ridge; 818-885-2578). 

The American Association for the Ad- 
vancement of Science, Washington, D.C., of- 
fers publications to encourage children with 
disabilities to pursue careers in science and 
engineering. Call 202-326-6440. 

The Future Home Institute, which runs 
the new showcase home outside Baltimore, is 
open to the public by appointment and also 
provides consulting. Call 410-243-7495 or 410- 
455-6397. 

The Abledata information clearinghouse 
on product information can be reached at 
800-227-0216 or 301-588-9284. (Both lines 
provide voice and text telephone access.) 

Technical journals include the Depart- 
ment of Veteran Affairs’ quarterly Journal of 
Rehabilitation Research and Development, 
published in Baltimore, Md. The IEEE pub- 
lishes the quarterly Transactions on Re- 
habilitation Engineering. Resna publishes 
the quarterly Assistive Technology (Arling- 
ton, Va.; 703-524-6686). 

Information on the American with Dis- 
abilities Act (ADA) is available electronically 
from the U.S. Department of Justice’s ADA 
bulletin board. It is accessible from the Na- 
tional Technical Information Service’s on- 
line FedWorld system, reachable from the 
Internet (telnet fedworld.gov) or directly by 
modem at 703-321-8020. Also on FedWorld 
is a report titled Information Infrastructure: 
Reaching Society's Goals, which offers a dis- 
abilities paper by the General Services Ad- 
ministration for comment. Sd 
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ELECTROTECHNOLOGY IN THE SERVICE OF MANKIND 


Advancing step by step 


It’s not easy trying to 
replicate control of muscles 
and limbs, but much 
progress has been made in 
the last 30 years 


estoring movement to para- 
lyzed limbs by means of 
electrical stimulation has 
been a research goal for 
over 30 years. Recently, 
those efforts have borne 
commercial fruit in a sys- 
tem that gives some people 
who are paralyzed limited use of their legs. 
Still, before a large number of paralyzed 
people can achieve full dexterity and mobili- 
ty, much work has yet to be done. Formid- 
able multidisciplinary problems remain, 
challenging the diverse teams of engi- 
neers, physicians, and therapists who are at 
work on them. 

According to the American Paralysis As- 
sociation, Springfield, N. J., every year as 
many as 12 000 people in the United States 
alone are paralyzed because of a spinal in- 
jury—at an average age of 19. The U.S. 
population of the wholly or partly immobi- 
lized includes some 186 000 people with 
spinal cord injuries, about 2.5 million affect- 
ed by strokes, and 1.8 million paralyzed by 
head injuries such as gun shot wounds. 

Electrical stimulation is just one of sever- 
al approaches—both short and long term— 
to the job of conferring mobility on injured 
people. Another long-term approach cen- 
ters on the repair of damaged nerve tis- 
sues. Yet another is aimed at developing a 
robotic exoskeleton for attachment to limbs 
so that an arm, for example, can grasp 
objects. In the near term, an alternative for 
mobility is improvements in powered wheel- 
chairs and more access for their users to 
buildings and public bathrooms. 

Advances in all of these areas are worth- 
while because developments in one may 
complement those in another. Also, some 
people may respond better to one form of 
treatment than to another. 

The new U.S.-approved commercial sys- 
tem is one in a group known as functional 
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[1] At the Cleveland Veterans Affairs Medical Center, in Ohio, 13 people are using an ex- 
perimental system that enables them to walk for short periods, climb stairs, and step sideways. 
The system stimulates their neuromusculature electrically through up to 48 electrodes. 


0018-9235/94/$4.00©1994 IEEE 27 





8 
é 
é 
3 
= 
g 
# 
< 
2 
5 
> 
2 
g 
$ 
2 
o 








Current amplitude, mA 





Small motor neurons 


Large motor neurons 


Pulse width, ws 








[2] The key areas for implanting electrodes to stimulate walking extend from the chest to below the knee Ileft], As an electrode enters the muscle, it 


is anchored near a nerve branch that contains many neurons specific to that muscle. Each motor neuron triggers from three to 200 muscle fibers. 

Because the threshold for stimulus is lower on large motor neurons, an electric field recruits them more easily than it does the smaller neurons. 
More powerful “fast-twitch” fibers are thus activated more readily than “slow twitch” small fibers, which, however, have greater endurance. Vary- 
ing pulse width will recruit different muscle fibers. When stimulation issues pulse widths of 150 ms, more fibers of all types are recruited. In 
contrast, with natural control from the brain’s cortex, only small fatigue-resistant fibers are active when small forces are required; large fibers 
are recruited only when strong forces are needed. 


electrical stimulation (FES) systems. Basic- 
ally, a computer coordinates sequences of 
electrical pulses through a network of elec- 
trodes attached to the body. This causes the 
appropriate muscles to contract and effect 
movement and control. 

Important FES work is taking place in 
Australia, Austria, Canada, France, Japan, 
the Netherlands, Slovenia, and the United 
States. Most development is being done in 
research laboratories, but several compa- 
nies, like Tokyo’s NEC Corp. and Medtronic 
Inc., Minneapolis, Minn., are also involved. 

Besides helping people walk, FES is being 
examined as a medical aid for the heart, for 
breathing and coughing, and for bladder and 
rectum control. It is also being applied to 
stimulate muscles in the arm and shoulder, 
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and in the hand, for grasping and releasing 
objects. Thanks to advances in miniaturiza- 
tion and surgical techniques, FES systems 
have also been implanted in the upper body 
to permit arm movements. 

But applying FES to walking is probably 
the most complex work being carried out. 
This is because of the strains involved in the 
leg muscles and the urgency of maintaining 
balance during each 2-second-long average 
walk cycle. 

To date, experimental systems in clinical 
laboratories have helped many paralyzed pa- 
tients to stand up and walk for a short time, 
and some to even climb stairs. Such limited 
capability can be useful in such everyday 
tasks as reaching for objects, turning on a 
light switch, or overcoming obstacles in a 





friend’s hom or a restaurant. But extended 
walking and maneuverability remains a 
distant goal. 

STIMULATING STORY. In the early 19th cen- 
tury, Duchenne de Boulougne devised elec- 
trodes for stimulation through the skin by 
using an alternating current, a technique 
still widely employed in physical therapy 
today for the rehabilitation of muscles. 
(Nerves do not respond to direct current 
but rather to the oscillations of ac.) 

De Boulougne also observed that stimu- 
lation at certain locations on the body pro- 
duced better muscle contractions. Known 
as motor points, these sites were later 
found to correspond to points where nerves 
enter the musculature. 

In the 1960s, a number of patents were 
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issued for electrical stimulation systems to 
aid ambulation in people with paralysis (one 
of the most notable went to Wladimir T. 
Liberson). During the same period, a group 
of engineers and physicians at Case Wes- 
tern Reserve University in Cleveland, Ohio, 
began using FES to attempt to restore hand 
grasp to quadriplegic patients. 

The need to activate select muscles only 
prompted the development of a coiled-wire 
electrode. This advance meant power could 
be applied below the surface of the skin with 
electrodes implanted directly at or near the 
motor points, activating specific muscles and 
using smaller electric fields. The coils were 
for springiness, to reduce stresses on the 
electrode due to muscle flexing. 

The following decade, extensive work was 
carried out on the application of surface 
electrical stimulation to paraplegic patients, 
to help them stand and take steps. The most 
notable of these efforts was made by Alojz 
Kralj and his colleagues in Slovenia. 

In the mid-1980s, the FES field achieved 
some notoriety, culminating in an episode 
on “60 Minutes,” the U.S. television pro- 
gram. The show focused on FES work 
being done at Wright State University in 
Dayton, Ohio, where researchers were 
claiming that a closed-loop system with 
enhanced control would enable paraplegic 
people to walk with real-time feedback. 
Those claims later proved to be unfounded. 

Today research on FES continues on 
many fronts in hopes of improving its com- 
mercial offerings. A recent development was 
the Parastep surface stimulation system by 
Sigmedics Inc., Northville, Ill, approved this 
year by the U.S. Food and Drug Adminis- 
tration for use in the United States. Another 
was a 16-electrode implantable-electrode 
stimulation system manufactured by NEC 
Corp., Tokyo, based on the work of Y. Handa 
and his colleagues at the Tohoku University 
School of Medicine, Sendai, Japan. 

Stimulation systems that get people walk- 
ing cost about US $15 000 and are usually 
combined with extensive bracing support. 
The stimulation furnishes the power for mov- 
ing the body forward and the bracing supplies 
the stability. In addition, the brace allows a 
person to stop and rest, using as little energy 
as when sitting down. This may well be the 
best intermediate solution, for researchers 
still have much to learn about controlling this 
bio-electronic system, with its multiple 
degrees of freedom and nonlinear, time- 
dependent variables. 

WALKING WISDOM. Though most people take it 
for granted, standing upright is a complex task 
to mimic artificially—and walking is even 
more so. Leading FES researchers in Sendai, 
Japan, reported on the state of artificially in- 
duced standing at the 1993 annual conference 
of the IEEE Engineering in Medicine and Biol- 
ogy Society. In their research, they found that 
two healthy paraplegic persons in their 
twenties, supporting 100 percent of their body 
weight without braces, could stand for 30 
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minutes with the help of FES. The 
charges were distributed by as many 
as 30 percutaneous (that is, through 
the skin) electrodes. 

Even so, the patients had to put 
one hand on a wheelchair or parallel 
bar to balance themselves. Providing 
the ability to stand alone will not be 
possible, the researchers concluded, 
until real-time feedback control with 
a greater degree of sophistication— 
the coveted closed-loop system—is 
made practical. 

What makes walking even harder 
to artificially mimic is the perfection 
achieved over the long course of 
evolution. The failure to simulate 
that perfection after just 30 years of 
laboratory work is hardly surprising. 

People with functional neuro- 
muscular systems can walk briskly for long 
distances without getting tired. Endurance 
is built up because during natural move- 
ment the brain places priority on using 
slow-twitch muscle fibers of an aerobic 
metabolism (high oxidative enzyme activi- 
ty). The pathways to these fibers are 
through the small motor neurons. When 
special exertion is needed, fast-twitch 
muscle fibers with an anaerobic metabo- 
lism (high glycolitic enzyme activity) are 
called into action by larger neurons. 

In contrast, FES helps handicapped peo- 
ple walk by recruiting motor neurons in 
reverse, energizing those in the fast-twitch 
muscle fibers first [Fig. 2]. The larger 
nerve fibers have a lower threshold to elec- 
trical stimulation. (The excitation threshold 
is inversely related to fiber diameter.) 
Although the fast-twitch glycolitic fibers 
have greater strength than slow-twitch 
fibers, they fatigue more easily. The result 
is that artificially stimulated muscles tire 
faster when performing a repetitive task. 

The force available to the muscle is also 
reduced. Eventually, chronic electrical 
stimulation can transform fast-twitch fibers 
into slow-twitch, fatigue-resistant fibers. 
But these muscle fibers produce less force 
per unit area, so normal forces cannot be 
attained. While an able-bodied person may 
expend only one-third of his energy on 
walking, a disabled person in an FES gait 
will be using his muscle system to the full. 

Another shortcoming of FES is the 
interface that applies the electricity. A 
muscle may have thousands of motor 
units, each combining one axon and 3-200 
muscle fibers. At its present level of inter- 
facing, FES cannot fire the axons to stimu- 
late the muscles in a natural, asynchronous 
way. Electrodes interface with nerve 
trunks, not axons, and artificial stimulation 
gives a synchronous jolt to all the axons. 
GET UP AND GO. At the Veterans Affairs 
Medical Center in Cleveland, Ohio, over a 
dozen people regularly use FES walking 
systems, having first had electrodes im- 
planted in their bodies. They all require the 
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support of a walker. The system has FDA 
approval for clinical tests on 50 subjects. 

The key to these systems is an array of 
up to 48 stainless-steel electrodes. These 
are surgically implanted in a person’s legs 
and trunk and then brought out to eight 
connectors (four on each side of the body). 
Not all the subjects need the full 48-elec- 
trode array—8 to 16 are enough for those 
paralyzed by a stroke down one side and 
those who are partially quadriplegic (who 
stand and thereby use only knee, hip, and 
trunk extensor muscles). 

A person generally needs less than 5 
minutes to equip himself to walk. Around 
his waist he straps on a belt that contains 
batteries and a microprocessor-controlled 
stimulator. Two ribbon cables from the 
stimulator attach to the eight connectors on 
which the implanted electrodes terminate. 
The only bracing worn is an ankle-foot 
orthosis, to prevent sprains. The orthosis 
may also be instrumented to let the con- 
troller know when a heel has touched down. 

To start moving, the subject uses a tiny 
joystick and pad, which fits like a ring onto his 
hand. He can choose to move forward step by 
step or faster in an automatic mode. Turns 
are made by moving a walker, which the sub- 
ject usually leans on with both hands to stabi- 
lize himself. Average walking distances are 
measured in tens of meters. No system any- 
where can as yet offer long walks in the park. 

By changing modes with the joystick pad, 
the subject can also do exercises, step back- 
ward, or step left or right [see table, abovel. 
The latter features are useful for sitting in a 
chair or, leaving the walker aside, for moving 
into a row of seats in a theater or ballpark. 
They can be helpful, too, in moving about in 
small bathrooms. The number of electrodes 
and the limited bracing in this system leave 
the joints free to move so that the person 
can climb or descend a flight of stairs. 

Besides increasing mobility and inde- 
pendence, FES has some health benefits. 
Since it enables a disabled person to stand 
or walk, the joints are taken through a 
range of motions, preventing muscle from 
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shortening and joints from becoming fixed | many modifications have been made in the | multistrand stainless steel and coated with 
in a flexed position. Osteoporosis is there- | coiled-wire electrode since it was first im- | Teflon. Tiny barbs anchor it near the 
fore reduced. Of course, there are also | planted in the early 1960s, it still copes | nerve trunk, which measures about 1-3 
benefits from the aerobic exercise. poorly with leg muscles because of their | mm across. The lead is tunneled under the 
BETTER ELECTRODES. Of the many areas of | tremendous sheer and tensile stresses. skin to a common exit site where it is sol- 
FES work that need improvement, the elec- Today’s coiled-wire electrode, with an | dered to a small connector. Ribbon cables 
trode is one of the most important. Though | outside diameter of 0.56 mm, is made from | attached to these connectors access the 
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stimulator when a person dons his belt for 
walking. 

The survival rate of this electrode is 70 
percent at one year and 62 percent at five 
years. Most failures are attributed either to 
| the movement of the electrode away from 
the nerve or to the fracture of the lead. For a 
practical system for walking, a tougher elec- 
trode is needed, so that no more than one 
replacement is required per system per year. 

Also needing improvement is installation 
of the coiled-wire electrode. It is now blindly 
implanted near a motor point by means of a 
hypodermic needle. Efforts are under way to 
develop endoscopic tools and techniques for 
installing these implants with greater accu- 
racy and less trauma to the patient at the 
same time. The latter consideration is partic- 
ularly critical when over 40 electrodes need 
to be implanted. 

Additional devices are in the works. One 
innovation being considered is suturing a 
disk-shaped electrode directly onto the 
muscle at the point of nerve entry. Called 
an epimysial electrode, this device has 
been used to activate muscles involved in 
grasping in someone who is quadriplegic. 

Another type, the nerve cuff electrode, is 
| placed around the nerve. Medtronic Inc. de- 
monstrated a nerve cuff electrode in a foot- 
drop correction system for people who have 
had a stroke; it was evaluated by the Rancho 
Los Amigos Hospital in Los Angeles. 

While both these electrode types appear 
to be more reliable than simple coiled-wire 
units, they do have a down side: both re- 
quire extensive surgery, which is undesir- 
able to a lot of people, especially when 
their application needs many electrodes. 
STIMULATION CONTROL. The task of activating 
and controlling muscle movement falls to 
the stimulator. In the Cleveland system, a 
16-bit microprocessor controls the stimu- 
lation, which is a coordinated burst of elec- 
trical pulses of a certain duration. The se- 
quences of pulses vary, of course, depending 
on the desired movement. Within repeated 
movements, pulse widths are often varied 
for a given muscle to recruit different fibers. 

For stimulation beneath the skin in 
intramuscular electrodes, the amplitude is 
kept at 20 mA and the pulse width is mod- 
ulated between zero and 150 ms. If surface 
stimulation is used for, say, an area with no 
implanted electrodes, pulses of 100 mA are 
used. A digital input signal is transformed 
into a biphasic, balanced-charge waveform. 

Feedback comes from up to eight chan- 
nels of force-sensing resistors for measur- 
ing foot contact pressure. Other channels 
are available for accelerometers, for gonio- 
meter sensors to measure joint angles, or 
for other sensors that may also help in 
closed-loop control of the stimulation. 

With advances in multichip module elec- 
tronics packaging, stimulators may be 
reduced to pager size. Not just electrodes, 
but whole systems, including stimulators, 
may be implanted for some applications. 
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The Cleveland FES Center, in cooperation 
with Case Western Reserve University, has 
implanted eight-channel stimulators to con- 
trol hand grasping in people who are quadri- 
plegic. For upper extremities use, clinical 
trials are proceeding in Australia, Canada, 
and the United States. To activate the cor- 
rect electrode, a circuit is interfaced to an 
external bus that encodes an RF signal of 
the transmitter with both pulse width and 
channel select information. Power for the 
stimulation is also transmitted. 
PROGRAMMING MUSCLES. Walking is part of a 
person’s signature—highly individualistic. 
Not surprisingly, each person using an FES 
walking system requires different pro- 
gramming, and programming needs alter 
over time. It is now a rather imprecise art 
that relies mainly on preprogramming and 
trial-and-error tactics using general motion 
analysis models. Nor is there much real-time 
individual feedback, other than pressure 
sensors on feet. 

With as many as 48 electrodes in the 
Cleveland walking system, researchers can 
program all major muscles related to walk- 
ing, from the trunk to the ankle. This pro- 
duces a smoother gait and permits such 
functions as sidestepping. A typical two- 
step walking cycle for nondisabled people 
is 1.5 seconds; for these Cleveland sub- 
jects, it is about 2 seconds [Fig. 3]. 

Either amplitude or pulse-width modula- 
tion may be used to control muscle activa- 
tion by regulating the number of muscle 
fibers recruited to produce muscle force. In 
Cleveland, trains of pulse widths of up to 
150 ms are varied for control, at repetition 
rates of 15-50 Hz. Higher pulse repetition 
rates result in quick muscle fatigue and no 
notable increment in force. At rates much 
below 15 Hz, the muscle contraction is not 
fused: the bunch of fibers may tremble but 
not reach the point of tetanic activation. 

A series of pulses—often at the peak of 
150 ms for each muscle—is needed to pro- 
voke movement of the limb. Response 
times vary, but it typically takes 100-300 
ms to raise or relax a limb. The variation 
depends on the mix of slow- and fast-twitch 
muscle fibers that are recruited. Con- 
ditioned FES muscles are composed main- 
ly of slow-twitch fibers that respond slowly 
when stimulated. 

The response time is also influenced by 
the interval between the pulses and by 
muscle fatigue. The sequences of pulses to 
each muscle are delivered in a prepro- 
grammed stimulation pattern based on 
well-known normal electromyographic 
activity. It is modified by trial-and-error 
solutions for each patient. 

During training, the subject learns to 
incorporate FES-driven motions in his or 
her activities. Tuning of stimulation pat- 
terns is essential until a stable state is ar- 
rived at—that is, once all the electrodes 
have been implanted and the muscles are 
well conditioned. While rough tuning may 





be based on visual observations, fine tuning 
calls for quantitative evaluation with a 
motion analysis system. The better tuned 
the FES system is, the less energy is used. 

When motion and analysis data are com- 

bined with ground reaction forces, as mea- 
sured by force plates located in a walkway, 
there is enough information to determine 
both the positions of body segments in 
three-dimensional space and the joint 
moments generating the movements. As a 
result, changes can be made in stimulation 
patterns to create a more natural-looking 
gait. The stimulation patterns are generat- 
ed on a Micro Vax II computer and down- 
loaded into the subject’s stimulator. 
FUZZY FUTURE? An elusive goal is responsive 
closed-loop systems that adjust in real time to 
the changing state of the subject’s muscles 
and joint angles. As the Sendai, Japan, re- 
searchers determined in their report last 
year, a closed-loop system would be required 
to give a person more stability and the ability 
to stand erect with both hands free. In an ap- 
plication like standing, many muscles might 
have to be stimulated full blast, full time, 
because of the absence of information on se- 
lective force needs. 

But closed-loop systems require informa- 
tion from sensors mounted on the skin or 
from braces that would modulate stimula- 
tion in real time to produce the desired 
results. While feasible perhaps for standing 
or upper extremity control, this information 
may be too difficult to achieve for walking, a 
feat that combines nonlinear properties of 
muscle with time dependency. 

Fuzzy logic control appears to be a much 
more promising approach, and is being pur- 
sued at the Cleveland Center. Corrections, 
based on experience gained by experts 
with preprogrammed stimulation, are made 
not in real time but at each succeeding 
step. Adjustments are made by measuring 
the deviation from parameters such as 
knee angle, with adjustments continuing 
until the deviation is brought to zero. 

A long-term goal for FES researchers is 

unobtrusive implantable systems that could 
automatically adjust the stimulations. The 
result would be a less cumbersome appara- 
tus that would provide near-normal func- 
tions to people with paraplegia, most likely 
with the support of crutches or a cane. 
TO PROBE FURTHER. Excellent reviews are 
Functional Electrical Stimulation: Standing 
and Walking after Spinal Cord Injury, by 
Alojz Kralj and Tadej Bajd (CRC Press Inc., 
Boca Raton, Fla., 1989), and Human Walking, 
edited by Jessica Rose and James Gamble (Wil- 
liams & Wilkins, Baltimore, Md.,1994). 
ABOUT THE AUTHOR. Rudi Kobetic is a super- 
visory biomedical engineer at the Motion Study 
Laboratory at the Veterans Affairs Medical Center, 
Cleveland, Ohio. Since 1980 he has been the co- 
principal investigator (with E.B. Masolais) on the 
project developing functional electrical stimulation 
systems for walking in paraplegia. 
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DEVELOPING COUNTRIES: A SPECIAL SERIES 


Appropriate technologies 


The use of technology to improve the health and general 
well-being of much of the world’s population—and dbo so 
at affordable cost—presents electrical and electronics 
engineers with unusual challenges and opportunities 


he ending of the Cold War 
has released more energy 
for tackling the concerns 
of underprivileged popula- 
tions. “One billion people 
in the developing world 
still lack access to clean 
water... nearly 2 billion lack 
adequate sanitation...Electric power has yet 
to reach 2 billion people,” the World Bank 
noted in its June World development report 
1994: infrastructure for development. 

A country’s infrastructure includes ser- 
vices based on electrotechnology, such as 
electric power, telecommunications, and 
road, sea, and air transport. Developing 
countries in round figures pour US $200 000 
million every year into new infrastructure, 
amounting to 4 percent of their national out- 
put and a fifth of their total investment, ac- 
cording to the World Bank report. 

In purely human terms, the situation of 
these people is unacceptable. Technologi- 
cally, it dares electrical and electronics en- 
gineers to devise remedies by applying 
proven technology at an affordable cost. 

One challenge may well be to upgrade the 
infrastructure in developing countries. At 
present, for example, about 40 percent of 
their power-generating capacity is on av- 
erage unavailable when needed, as a result 
of malfunction or scheduled maintenance; 
elsewhere, in the best-performing power 
sectors in the world, the percentage is half 
that figure, according to the 1994 World 
Bank report. 

To cut back on waste and improve effi- 
ciency, the bank is embarking on a thor- 
ough reform. Among its goals are to see 
the infrastructure managed as a business, 
and not as a bureaucracy; to see competi- 
tion introduced; and to give those who use 
the services a stronger voice in and res- 
ponsibility for their operation than has 
been the custom. 

But what exactly is a developing coun- 
try? The World Bank often refers to “de- 
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veloping economies” as those with low or 
middle per-capita income, derived by 
dividing the gross national product (GNP) 
by the population count. 

Low-income countries, with US $675 or 
less per capita, include Burundi and Benin 
in sub-Saharan Africa, Egypt in North Afri- 
ca, Cambodia in East Asia, Tadjikistan in 
Central Asia, and Haiti in the Americas. 
Senegal, though, and Thailand, Turkey, Iran, 
Algeria, and Chile are representative of 
middle-income economies, with $675-$8356 
per capita income (in 1992). (All dollar fig- 
ures are for U.S. currency.) 

In this issue, JEEE Spectrum is launch- 
ing a series of articles on technology ap- 
propriate for developing countries. Topics 
will include photovoltaics applications, tele- 
communications, computers and networks, 
and electrotechnology applications in such 
areas as transportation and agriculture. In- 
tuitive, qualitative criteria for appropriate- 
ness have been adopted for the series. An 
appropriate technology is one that: 
¢ Fits in the country’s infrastructure. 
¢ Is affordable. 
¢ Can be properly maintained. 
¢ Is not destructive to the environment. 

The requirements need not imply tech- 
nological inferiority. Indeed, a develop- 
ing country quite often seeks to leapfrog 
straight into the 21st century, particularly 
if the leap makes sound economic sense. 
Indonesia is doing just that. Looking to a 
rapid expansion of its urban telephone net- 
work, it is installing a radio-based, cellular- 
telephone system in Jakarta and West Java 
for a total of 280 000 subscribers. 

The first topic covered in the approp- 
riate technology series is photovoltaics, 
which has the potential of bringing electric 
energy to millions of remote rural house- 
holds, greatly enhancing their quality of life. 

So rosy, in fact, is its promise that the 
12th European Photovoltaics Solar Energy 
Conference and Exhibition devoted a paral- 
lel symposium to photovoltaics in develop- 
ing countries. Inspired in part by that sym- 
posium, which was held in April in Amster- 
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dam, the Netherlands, the following report 
includes an overview of the technology’s 
applications and two regional studies, one 
on a large project in West Africa, and the 
other about India. 

Photovoltaics is attractive because it can 
help countries avoid the huge expense of 
expanding electric grids into rural areas, at 
an estimated cost of $20 000-$30 000 per 
kilometer, reports Erik H. Lysen, the head 
of a department at Novem, the Nether- 
lands agency for energy and the environ- 
ment located in Utrecht. But if affordable 
power is to be supplied by this means to 
millions of rural households, the worldwide 
manufacturing capacity for photovoltaic 
modules and systems will have to be sub- 
stantially enlarged, he noted. Furthermore, 
funding for photovoltaics applications by 
national and international organizations 
would have to be increased by orders of 
magnitude, he said [pp. 34-39]. 

International cooperation counts heavily 
toward the success of photovoltaics appli- 
cations. Evidence of that comes from pro- 
jects in Vietnam and the republic of Kiri- 
bati in the mid-Pacific [p. 39]. 

In West Africa, high grades are scored 
by a program for installing photovoltaic 
systems with 1200 peak kilowatt capacity 
for water pumping, refrigeration, and light- 
ing [pp. 40-43]. And in India, about 62 000 
rural photovoltaic systems have already 
been installed under a government-assisted 
program, and the installation of 60 000 
units that power VHF remote radio links is | 
under way [pp. 44-46 ]. 

From these and other reports it is clear 
that designing “appropriate” technology 
may sound easier than it is. In the West 
Africa project, for instance, inverters for 
water pumps had to be flexible enough to 
accommodate various pump capacities, 
pipe sizes, and water heads, but this flexi- 
bility could not be bought by sacrificing 
efficiency. Protection of the photovoltaic 
system against lightning and the safety of 
maintenance personnel also came into the | 
picture in a big way. 

Even so, the obstacles that photovoltaics 
must overcome are more institutional in 
nature than technological, as became very 
clear at the Amsterdam meeting. More 
than 30 years in the making, photovoltaics 
is mature enough in itself, but will require 
innovative breakthroughs in financing as 
well as changes in energy policy, the ex- 
perts believe. 


IEEE SPECTRUM OCTOBER 1994 








Telecommunications 


Li 
Us A 
Photos (satellite dish, truck): Superstock, Inc. 
Image manipulation: Armand Veneziano 





Technologies appropriate to developing countries are contributing vital pieces to those economies’ incomplete infrastructures. The approach 
takes into account the environment and incomes. Power, telecommunications, transportation, and materials are among the fields involved. 
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DEVELOPING COUNTRIES/PHOTOVOLITAICS 


Photovolts for villages 


Innovative financing 
schemes enable households 
in remote areas to buy 
domestic solar systems that 
run for $5 or less a month 


wo billion people are with- 
out an electrical connec- 
tion, but the cost of hooking 
up their homes to a con- 
ventional grid system will 
be too high for most devel- 
oping countries. Photo- 
voltaic solar systems are a 
cheaper alternative and can reach virtually 
any site on earth. Granted, new and bold 
initiatives are necessary to realize the 
required 20 000-MW peak power of photo- 
voltaic capacity. But the breakthroughs 
needed are less technical and more in the 
areas of financing and energy policy. 

Energy is not the most pressing prob- 
lem of the developing countries, partly 
because oil prices are at present so low. 
Instead, they have to worry about the 
poverty of most of the inhabitants, their 
food supply, the creation of sufficient and 
meaningful jobs, competition in interna- 
tional markets for their products, and, 
sadly enough in some cases, the presence 
of war. The main energy problem in rural 
areas still is to find enough wood for cook- 
ing meals. In some developing countries, 
biomass for cooking accounts for over half 
of the national energy consumption. 

For some decades now, photovoltaics 
(PV) has been on the energy scene in the 
developing world, particularly in estab- 
lished niche markets such as telecommuni- 
cations, marine beacons, railway signaling, 
and cathodic protection of pipelines. The 
challenge will be to apply PV to the provi- 
sion of energy to rural homes for lighting, 
refrigeration, and TV. 

The most successful to date is the indi- 
vidually owned solar home system: typical- 
ly a 50-W solar panel that charges a bat- 
tery by day and powers loads after dark. 
Owners are proud of having their own 
power system and are not susceptible to 
grid failure or inconsiderate neighbors, 
while the equipment itself can be expand- 
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ed when required. Of course, the systems 
must be well designed, properly main- 
tained, and paid for by the owner, because 
giveaways seldom last long. 

On the face of it, it looks strange that 
people in rural areas and nonindustrialized 
countries are satisfied with a fraction of a 
kilowatthour a day, whereas residents of 
industrialized countries “need” 10 kWh or 
more per day. The explanation is that peo- 
ple are not interested in kilowatthours as 
such, but in light, a working TV set, or a 
refrigerator. In other words, they want the 
services of the energy regardless of 
whether it amounts to 0.1 kWh or 10 kWh 
per day. And as only a limited number of 
solar kilowatthours are available, people 
cannot afford to waste them and must use 
efficient lighting, low-power TV sets (a 
golden market for future flat-screen TV 
sets with liquid-crystal displays), and effi- 
cient refrigerators. 

The only thing that matters to the 
owner is: how much do I have to pay for 
these services every week or month? As a 
first estimate, a reasonable part of the 
rural population can raise $5 to $8 per 
month. This is what they are paying now 
for kerosene lighting and for battery 
charging at grid-connected centers. (All 
dollar figures in this article refer to U.S. 
currency.) 

As is well known, nearly all utilities in 
developing countries are losing money on 
rural electrification. Investment capital is 
not the problem, being available at com- 
paratively low rates from large multilateral 
banks like the World Bank and Asian De- 
velopment Bank. High costs are the issue, 
stemming from long transmission lines to 
remote customers, low consumption, the 
need to charge only low tariffs, and high 
technical and nontechnical losses (trans- 
mission and distribution losses and _ illegal 
connections)—20-—40 percent in some 
countries. And these high costs are usual- 
ly cross-subsidized by urban consumers. 

Line costs are the heaviest burden, usu- 
ally accounting for 80-90 percent of the 
budget of a rural electrification project. 
They typically run $20 000-$30 000 per 
kilometer. Another factor is the widely 
variable number of users per kilometer of 
line, which may be as low as two but in 
Bangladesh must be at least 75. As a re- 
sult, the average cost per rural connection 
also varies wildly: Mohan Munasinghe, an 
energy expert with the World Bank, 
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quotes a range from $200 to $3650 (in 
1983 prices). The monthly power con- 
sumption of rural consumers is usually 
low: 20-40 kWh, leading to high per-kilo- 
watthour costs of 10-20 cents to $1. 
POWER TO THE PEOPLE. A recent report from 
the World Bank on its role in the power 
sector notes that the number of power con- 
nections in developing countries in the 
period 1969-89 grew by 9 percent per year, 
or 2.5 times the average population growth. 
In spite of this rapid growth, rather few 
members of the population are yet con- 
nected to an electricity supply. Average real 
power tariffs declined from 5.2 to 3.8 cents 
per kilowatthour in the period 1979-88 (in 
1986 dollars). 

Nevertheless, governments and utilities 
in developing countries have impressive 
plans for expanding their power sectors. 
The idea is to increase the total power 
supply capacity from the 471 GW of 1989 
to 855 GW in 1999. It is estimated that no 
less than $1 trillion will be needed to 
achieve the desired 384-GW increase. Ap- 
proximately 40 percent of this sum is in 
foreign exchange, and it is clear that the 
$40 billion needed annually cannot be 
mobilized, even by the large multilateral 
banks (the present level of World Bank 
lending for the power sector is around $7 
billion per year). 

The conclusion seems inescapable. 

Governments in the developing world will 
face great difficulties in expanding their 
power sectors as planned. Obviously, too, 
priority will be given to industry and the 
urban sector. This prospect underlines the 
need to consider other alternatives for 
rural electrification, such as pre-electrifi- 
cation through PV or other renewable 
sources. 
THE STORY TILL NOW. One of the earliest ref- 
erences to photovoltaics in a rural setting is 
to a system installed in Chile in 1960. In the 
’60s, PV cell development was dominated by 
research for space applications (the first 
satellite was launched in 1957). 

Rural energy developments in the ’70s 
were typically the so-called “integrated 
energy systems” promoted by the United 
Nations. These projects characteristically 
exploited various sources of renewable 
energy (such as the sun and wind, biomass, 
and organic waste), and they distributed the 
electricity thus obtained through a regular 
grid system in the village. In practice these 
systems never came up to expectation; they 


IEEE SPECTRUM OCTOBER 1994 








Photovoltaic home lighting systems 


A typical photovoltaic (PV) solar home system includes a photovoltaic panel that charges 
a battery through a controller. The battery powers lights, and television and radio sets. 


A 50-W photovoltaic panel atop a house in Pansiyagama, Sri Lanka, supplies power 
for light and a television set to its residents [top, right]. 


A family in Indonesia watches a program on a PV-powered television set [middle]. 


A street light and a rural house are powered by a photovoltaic system in Sukatani, 
Java, the first photovoltaic project undertaken in Indonesia. 


demanded too much maintenance, were 
poorly designed, gave unreliable service and, 
most importantly, were more or less forced 
upon the village inhabitants. 

Individual solar home systems were intro- 
duced more or less independently in the 
Philippines, the Dominican Republic, and 
Indonesia in the early 1980s. 

The Philippine-German Solar Energy 
project (1982-88) started with a 13-kW 
plant for a small village. The plant was 
found to be not economical for wide dis- 
semination. The second phase emphasized 
small PV systems for use in rural areas, 
namely, solar home systems and commu- 
nal battery-charging stations. The first 100 
of these home systems were installed at 
Burias Island. A would-be owner had to 
make a down payment of $140 and 36 
monthly payments of $13. 

An important lesson was learned. Solar 
home systems have become a status symbol, 
because they are one of the few high-tech 
systems available outside urban areas and 
they open the door to radio, TV, and video. 
At present, about 105 kW of solar systems 
are installed in the Philippines, of which 70 
kW is in residential systems and 35 kW is in 
systems intended for telecommunications, 
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pumping, and other purposes. 

In the Dominican Republic, a 
true catalyst for the development of 
photovoltaics was the presence of Richard 
Hansen, founder of Enersol Associates 
(USA). In April 1984 the first PV system 
was installed in Bella Vista. Right from the 
beginning, owners had to pay for the sys- 
tem (48 monthly installments of $10). Soon 
a solar credit fund was created (Adesol) 
with seed maony from the U.S. Agency for 
International Development, and from the 
installments paid by its clients new sys- 
tems could soon be bought. Local entre- 
preneurs were trained for servicing and 
sales of new systems. 

By mid-1987 more than a hundred sys- 
tems were up and running. That year, the 
Solar-Based Rural Electrification Concept 
was introduced, as a model for interven- 
tion by a nongovernmental organization, 
and gradually spread. By 1992 the number 
of PV systems grew to 4000. More than 10 
installation businesses are active in the 
Dominican Republic. 

The development of solar home sys- 
tems in Indonesia was the fruit of cooper- 
ation between individuals and the Dutch 
PV company R&S (Renewable Energy 





Systems), the Indonesian Ministry of Re- 
search and Technology, and the Indo- 
nesian Ministry for Cooperatives. A start 
was made in 1987 and in 1988 the systems 
were demonstrated in Sukatani, a village 
110 km from Jakarta. The seed money was 
provided by the three organizations listed 
above plus the Netherlands Ministry of 
Foreign Affairs. 

Sukatani has a lower than average 
amount of sunshine. The idea was that if 
the system worked there (which it did), it 
would work throughout Indonesia. The 
local cooperative took responsibility for 
fee collection and simple maintenance. 

The President of Indonesia became so 
enthusiastic about the Sukatani project 
that he started the Banpres project, with 
interest-free credit for 3000 solar home 
systems, which have since been success- 
fully installed. Additional credit schemes 
through revolving funds have been started, 
one example being the $50 000 revolving 
fund grant from the North Holland utility 
PEN, for solar home systems in the village 
of Lebak. 
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By 1993 more than 10 000 home systems 
had been installed throughout Indonesia. 


$400, and with a down payment of 35 per- 
cent the solar home system owner pays 
the equivalent of $8 per month. 

FIVE TYPES OF PROBLEMS. As with every new 
technology, all was not smooth sailing. 
Problems that arose during the systems’ in- 
| troduction fall into the following five cate- 
| gories: financial, institutional, interpersonal, 
| infrastructural, and technical. 

Financing the purchase is still the most 
| forbidding hurdle. The average price of a 
| solar home system is about $500. But in 
many countries, only 10-20 percent of 
rural families earn more than $100 per 
month. Assuming that 10 percent can be 
spent on a solar home system, this means 
they can afford a maximum of $10 per 
month, and preferably less. The problem 
therefore is how to reduce the monthly 
installments to, say, $5 per month. 


sion a few months later. Confusion is creat- 
ed and part of the investment in home sys- 
tems suffers. Rural electrification policies 
seldom include pre-electrification options 
| such as solar home systems, or wind or 
| microhydro supply systems. 





The average investment has dropped below | 


Institutional conflicts are the next con- | 
cern. Electric utilities are traditionally | 
either hostile or at best indifferent to small | 
autonomous systems such as solar systems | 
for the home. It can happen that a non- | 
governmental organization pushes hard to | 
install solar home systems in a village, only | 
for the utility to show up with a grid exten- | 


Experience has shown that interpersonal | the PV system and by enabling the cus- 


relations were often mishandled. People 
were not properly involved in a timely 


| fashion in the decision to introduce PV 





systems. They were not informed about 
the performance of the solar home system 
and its pluses and minuses compared to a 
grid connection. Training of the owners 
was sometimes inadequate, so that batter- 
ies were discharged too deeply if poor (or 
no) controllers were present. Simple but 
essential repairs took much too long, so 
that people lost confidence in the system. 
The key factor here is proper communica- 
tion with the users. 

This situation is closely linked to infra- 
structural weakness. Often after-sales ser- 
vice was either nonexistent or poorly orga- 
nized. Publicity was insufficient, wrongly 
targeted, or even negative. Stories about 
failures tend to stick in people’s minds for 
a long time, and 10 times as many success- 
es are needed to eradicate them. 

Then of course there were the technical 
problems associated with a new technolo- 
gy. Interestingly, there were hardly any 
problems with the PV modules. The trou- 
ble came from conventional parts of the 
system—batteries, controllers, and lights 
and switches. Controllers worked poorly 
or were omitted to save money, so batter- 
ies had a short life. Cheap fluorescent light 
tubes were used, which blackened quickly; 
electronic ballasts failed and switches 
malfunctioned. 

In essence, the financing problem can be 
solved by lowering the investment cost of 
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tomers to pay smaller amounts over longer 
periods. The first part of the solution is 
largely for the manufacturers to implement 
and is influenced by Western development 
programs. The developing countries’ gov- 
ernments can help by lowering or waiving 
import duties. 

Several options for lowering the month- 
ly costs for consumers have been proposed 
and are being practiced: revolving funds 
(started with grants); presidential loans (as 
in Indonesia); local bank loans; the Finesse 
approach (financing of energy services for 
small-scale energy consumers); and suppli- 
er’s credit. 

Energy experts made a good point dur- 
ing the Finesse workshop held in October 
1991 in Kuala Lumpur with the support of 
the World Bank, the U.S. Department of 
Energy (DOE), and the Netherlands Min- 
istry of Foreign Affairs. Given that large 
power companies have access to very 
cheap capital for new power plants and 
rural electrification projects, they argued, 
smaller-scale power options that comple- 
ment the grid supply should also be 
allowed to tap just a fraction of those 
funds, and on the same conditions. Solar 
home systems were seen as a Case in 
point. 

This is in essence the aim of the Asia 
Technical Alternative Energy unit of the 
World Bank, which is supported by (among 
others) the DOE and the Netherlands 
Ministry of Foreign Affairs. The unit at 
present is active in Indonesia, India, Sri 
Lanka, and China. 

On the institutional level, clashes with 
the electricity companies can be avoided 
if the initiatives in solar home systems are 
coordinated or even channeled through 


One measure of a country's economic well- Cooperation and Development (OECD) 


being is how much electrical energy its peo- 


them. The utilities should permit, spur on, 
or even contract with the private sector 
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list—it consumed 23 000 kWh per capita in United States | ties have the means to reach the village | 


1992 [see illustration]. Ethiopia, at the other 
end of the scale (though, of course, with a 
much warmer climate) used a mere 23 kWh 
per capita, or 0.1 percent of the northern 
country’s consumption [see enlarged por- 
tion, opposing page]. 

On average, OECD countries accounted for 
more than 7400 kWh per capita in 1992, 
whereas most of the world’s countries made 
do with under 4000 kWh per capita. A word of 
caution: the OECD agency's data include all 
urban and rural sectors—consumer, com- 
mercial, and industrial. In the low-income 
countries, almost all electricity is used in 
urban areas, So rural people are even more 
impoverished than these data might suggest. 

-—-Gadi Kaplan 
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and nongovernment organizations to start 


by the grid, the PV panels can be resold to 
the private sector (or kept as an emer- 
gency option). 

Events in the Philippines, Dominican 
Republic, and Indonesia prove that the 
early involvement of potential customers 
is crucial to the success of any PV project. 
People should be properly taught about 
system operation and properly informed 
about comparative performance and costs. 
A warning system for larger breakdowns 
should be set up, to ensure quick repairs 
and maintain confidence in the system. 
Local cooperatives should be used to col- 
lect fees and carry out basic maintenance. 
Local youths should be trained as PV tech- 
nicians and paid for their work. 

Improvements in product quality have 
occurred over the last few years, thanks 
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to lessons learned from simple technical 
problems. Controllers and lamp ballasts 
have improved, some of them locally pro- 
duced; battery indicators have now be- 
come available so people can “see” how 
much is left in their battery (as was their 
custom with bottles of kerosene). 

The wattage needed for rural electrifica- 
tion of the 2 billion people as yet without elec- 
tricity can be estimated. The average load of 
a rural connection is around 350-500 W, so 
with an average family size of five and 400 
million as yet unwired households, an addi- 
tional capacity of 140-200 GW is needed. At 
a conservative grid value of $2500/kW, this 
capacity would cost $350 billion to $500 
billion. In addition, the annual fuel bills of 
the developing countries will be increased 
by $5000 to $10 000 million. 

Governments in developing countries 
are already hard pressed to expand their 
industrial and urban capacity as fast as ne- 
| cessary. They will find it impossible to 

invest also in rural electrification. If, how- 
ever, the latter task could be achieved 
| through individual solar home systems, 








the total investment would be lower, al- 
though still considerable. Assume that a 
50-Wp solar home system in future will 
cost $250 on average, then 400 million 
solar home systems (20 GWp) will require 
$100 000 million, or $4000 million annual- 
ly for 25 years. These systems would have 
to be financed through long-term loans, 
not grants. 

To put things in perspective, it is perhaps 
useful to mention the size of the predicted 
PV market and required capacities. Note 
that the present market in photovoltaics is 
about 60 MWp, of which about 5 MWp is for 
rural off-grid applications. Market analyst 
Paul D. Maycock, president of Photovoltaic 
Energy Systems Inc., Casanova, Va., ex- 
pects the following markets for the off-grid 
rural segments in the years 1995, 2000, and 
2010: 
¢ For a business-as-usual scenario: 8, 20, and 
40 MWp. 

e For an accelerated growth scenario: 15, 40, 
and 600 MWp. 

Recall the estimate that the electrifica- 


tion of all 400 million households currently | 
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without electricity would require 20 GWp | 
of PV capacity, or 800 MWp on average 
for a period of 25 years. This is even more 
than is predicted in Maycock’s accelerated 
growth scenario. So probably this target 
will not be met unless bold new initiatives 
are taken. 

BOLD IDEAS. One initiative of this nature is 
the Power for the World proposal put for- 
ward by Wolfgang Palz, division head of re- 
newable energies in the European Com- 
mission’s Directorate General XII, which 
handles science research and development. 
To reduce system costs and increase pro- 
duction volume, plants with an annual pro- 
duction capacity of 10 MWp must be built 
soon; by the year 2000, annual capacity | 
must reach 100 MWp. This can only be 
done if specific conditions are met, namely, 
policy changes, better financing options, and 
system improvements. But the environ- 
mental issue must be considered right now. 

There are signs of policy changes and a 
beginning of acceptance by electricity 
companies, as in Mexico and the Philip- 
pines. But there is still a long way to go 
before solar PV systems are accepted by 
utilities in developing countries as a reli- 
able means of pre-electrification or even 
electrification. Sources of capital can be 
instrumental in changing this attitude by 
requesting such policy changes (as well as 
financing renewable options) during the 
negotiations for conventional power loans. | 

Several financing initiatives have been | 
offered by both national and international 
donors; but in terms of total funds re- 
quired, the efforts have to be increased by 
orders of magnitude. The easy terms for 
large power loans should be made avail- 
able for small off-grid options as well. 

Manufacturers, importers, and distribu- 
tors should ensure the quality of their PV 
products. National product standards 
should be established, leaving enough 
room for product improvement. 

With the introduction on a large scale 
of PV battery-charging systems, the num- 
ber of batteries in rural areas will soar. 
Environmental problems could ensue if no 
measures are taken beforehand. Manu- | 
facturers, together with local counterpart 
companies, should work out optimum and 
least-cost solutions. National battery recy- 
cling is already in effect in Indonesia, for 
example. 

ACKNOWLEDGMENT. This article summarizes 
the plenary paper presented by the author 
at the 12th European Photovoltaic Con- 
ference, held in Amsterdam in April 1994. 
The full paper has been published in the 
conference proceedings. 

TO PROBE FURTHER. Costs of rural electrifi- 
cation are addressed in Electricity for rural 
people by G. Foley (Panos Publications Ltd., 
London, 1990) and in Rural Electrification 
for Development: policy analysis and appli- 
cations by M. Munasinghe (Westview | 
Press, Boulder, Colo., 1987). 
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The need for technical help 
in applying photovoltaics 
on a large scale can trans- 
late into an internationally 
cooperative arrangement. 
Witness the republic of 
Kiribati, a group of 33 
islands in the mid-Pacitic, 
which sought help from 
Japan's International Co- 
operation Agency (JICA). In 
Vietnam, too, Solarlab-—the 
country’s department for the 
development of solar ener- 
gy—cooperated with the 
French company Fondem 
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Kiribati photos: The 





Vietnam photos: Solartab, HCN City. Vietnam 





In Vietnam, Fondem provided photovoltaic panels for Friendship 


(Fondation Energie pour le 
Monde). 

In Kiribati, then home to 72 000 people, the Japanese agency conducted 
a feasibility study in 1991 and subsequently installed photovoltaic systems 
in 55 rural households as a pilot program. Typically these systems include 
2 to 12 photovoltaic panels, each with 60 watts peak power (Wp). Installed 
on poles, the panels charge batteries to supply light at night [photos, bot- 
tom]. Encouraged by the pilot program's success, Kiribatis Ministry of 
Works and Energy is planning the electrification of 1250 additional house- 


Vietnam-France Solar Station in the district Duyen Hai, while Solarlab sup- 
plied electronic hardware and took care of installation, management, and 
maintenance, Solarlab Installed a similar but smaller solar station (200-Wp) 
on the island of Condao (top, left]. and a 1000-Wp system for the solar sta- 
tion and cultural house in Tayminh province [top, right]. The house serves 
both as a cultural center in remote areas and as a demonstration of photo- 
voltaics capabilities. 

At the heart of the system is Solarstat, a 1-kWp system with five channels, 
Four are for charging batteries for individual households, and the fifth supplies 


holds, as well as 250 other systems for schools and clinics. 


R.J. Saunders is the author of “The 
World Bank’s role in the electric power 
sector: policies for effective institutional, 
regulatory and financial reform,” a 1993 
World Bank Policy Paper, published in 
Washington, D.C. The costs of electrifica- 
tion are discussed by R. Turvey and D. 
Anderson in Electricity Economics, a World 
Bank Research Publication Johns Hopkins 


| University Press, Baltimore, Md., 1977). 


A reference to an early photovoltaic sys- 


| tem in Chile is included in Photovoltaics for 


Development, by R. Hill (ed.), United 
Nations ATAS Bulletin No. 8, 1993. 

Integrated Rural Energy Planning was 
discussed by Y. El Mahgary and A.K. Bis- 
was in a United Nations Energy Planning 
(UNEP) publication (Butterworth Scien- 
tific, England, 1985). 

Solar home systems are discussed in The 
Philippines’ Rural Photovoltaic Electrification 


| Scheme by G. Santianez-Yeneza and H. 
| Bohnke in a publication of the National Elec- 
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trification Administration, Manila, 1992. 
Photovoltaics applications were addressed 
by R. Schréer and P. de Bakker in their 
article, “It All Began on Burias Island,” 
GATE magazine, July 1989. Solar Rural 
Electrification in the Developing World; 
Four Country Case Studies: Dominican 
Republic, Kenya, Sri Lanka, Zimbabwe 
was dealt with by M. Hankins, Solar Elec- 
tric Light Fund, Washington D.C., 1993. 
The financing of energy services for 
small-scale energy consumers (Finesse) 
was discussed during the World Bank work- 
shop, Kuala Lumpur, October 1991. Paul 
Maycock examines Photovoltaic technology, 
performance, cost and market forecast 
1975-2010, in a publication of PV Energy 
Systems Inc., Casanova, Va., June 1993. 
Bold initiatives in rural electrification 
were proposed by Wolfgang Palz in his paper 
“Power for the world,” which is to be found 
in the proceedings of the International Solar 
Energy Society (ISES) Solar World Con- 


power for the cultural house's activities. 
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gress, held in Budapest in 1993. 

Energy sources are regularly written 
about in the papers in JEEE Transactions 
on Electron Devices, while energy conver- 
sion by renewable sources is regularly ad- 
dressed in IEEE Transactions on Energy 
Conversion. Sd 
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energy for developing countries since the mid- 
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World Bank and the Asian Development Bank. In 
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DEVELOPING COUNTRIES/PHOTOVOLIAICS 


Water from the African sun 


Widespread application of 
photovoltaics in the drought- 
prone Sahel region brings 
forth water and a wealth of 
practical knowledge as well 


he most ambitious world- 
wide program in photo- 
voltaics ever financed by 
the European Union (until 
a year ago, the European 
Community) is nearing 
realization. Its goal is to 
better the living conditions 
of those who live far from population cen- 
ters. Both short-term and permanent im- 
provements are envisaged. 

The first task is to make available drink- 
able water [Fig. 1], the next to irrigate fields 
under cultivation. A third aim is to supply 
small communities with electricity for 
lighting and essential refrigeration. As 
part of this 1200-kW (peak power) project, 
Siemens Solar GmbH faced special require- 
ments involving a variety of systems and 
key components. The project had several 
important social aspects as well. 

The project’s beneficiaries are the 
members of a body set up in 1973 to fight 
drought in West Africa’s Sahel zone, the 
Comité Inter-Etats de Lutte contre la 
Sécheresse dans le Sahel (Cilss). Present 
membership consists of nine countries 
that suffered greatly from drought in 1968 
and 1974: Burkina Faso, Cape Verde, Chad, 
Gambia, Guinea-Bissau, Mali, Mauritania, 
Niger, and Senegal. 

It was to help these nations that the 
Programme Régional Solaire (PRS) was 
established to make use of photovoltaic 
energy and to that end given 34 million 
ECU in funding by the then European 
Community as nonrepayable aid. 

The program was divided into three 
parts, with Siemens Solar GmbH the first 
to be awarded a contract. The contract 
called for systems to be installed in five 
Cilss states—Gambia, Guinea-Bissau, Cape 
Verde, Mauritania, and Senegal. All in all, 
Siemens Solar will supply 550 kW, peak, of 
solar power. Most of this power will be 
used by 330 pumping systems [Table 1], 
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Solar panels 


Inverter 


Ac motor Water storage 
pump tank 





[1] Ina typical water-pumping system, such as this one in Guinea-Bissau, an inverter converts 
the dc output generated by an array of solar panels into the ac power needed to run the pumps. 
The characteristics of the well and community requirements determine the type of pump and 
solar-generated power at each installation. 


the largest number of high-capacity pump- 
ing systems of any part of the program. 
Also to be provided are a total of 339 so- 
called community systems—240 for light- 
ing, 63 for refrigeration, and 36 for rechar- 
ging lead-acid and nickel-cadmium batter- 
ies [Table 2]. The DM 30-million contract 
covers parts supply, installation, mainte- 
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nance, and after-sales support. 

Under this contract, Siemens Solar had in 
addition to establish a service network, train 
local partners, and support their activities. 
The execution and coordination of this all- 
embracing contract required the establish- 
ment of a complex project organization. For 
instance, Siemens was obliged to find a local 


IEEE SPECTRUM OCTOBER 1994 











partner in each of the five countries. 

These partners would be responsible for 
maintaining contact with the local building 
supervisors, coordinating all essential docu- 
ments (dealing with orders for installations 
and technical information resulting from 
alterations) and dispatching them to Sie- 
mens, and stocking spare parts for repairs. 
The importance of reliable local partners 
cannot be overemphasized. A lack of spare 
parts or technical support has wrecked 
many a past project. 

Numerous companies volunteered for 
the project. The challenge was to identify 
those that would be most suitable as part- 
ners. In the end, there were only a few 
serious candidates with adequate financial 
backgrounds. 

The partnership benefits both parties. 
By being involved in the greatest PV pro- 
ject ever carried out, the local partner can 
earn a good sum of money for the services 
rendered. Siemens Solar, in turn, can ex- 
tend its activities in the African market 
through the aid of the local partner. 

For its partner in the Sahel region, 

Siemens Solar chose a French company 
that had already been a subcontractor on 
African projects, successfully performing 
installation and maintenance services. 
Wherever it has a local subsidiary in the 
five regions, Siemens’ partner takes care of 
any tasks there directly. Otherwise, it picks 
a company in the area to do so. 
FUTURE UPKEEP. As the main contractor, 
Siemens has to guarantee all systems and to 
deliver spare parts for five years free of 
charge (although consumable materials, 
such as light bulbs, have a one-year-war- 
ranty). After the termination of the five- 
year guarantee, funds will be needed for 
maintenance and replacement. 

Once a village has inspected and provi- 
sionally accepted the PV system, those of 
its inhabitants who use it pay an annual 
sum determined by the individual system’s 
maintenance costs. For example, a medi- 
um-sized P4 pumping system used in 
Mauritania will deliver 9000 m3 of water in 
a year. Dividing the total US $2000 yearly 
costs of maintenance ($900) and replace- 
ment ($1100) by the annual 9000 m3 water 
output, results in 22 cents per cubic meter 
of water. This is the charge users must be 
able to afford to keep the system opera- 
tional; it does not include money for new 
investments in future PV plants. 

Siemens chose its own M50 module, a 
50-W, peak, monocrystalline solar panel 
with an efficiency of 12.4 percent, as the 
major power component. A requirement of 
the EC project is that all components be of 
European origin. 

The key components for pumping sys- 
tems are the pumps themselves and their 
ac inverters. Standard centrifugal pumps 
and motors are used for high water output 
[P5 and P6 in Table 1]. These pumps are 
equipped with 3.5-kVA Simovert-P-Solar 
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inverters. This inverter model—a slightly 
modified version of the more than 10 000 
units thus far produced by Siemens—is 
designed for highly reliable operation even 
under severe conditions. It has an efficien- 
cy of up to 95 percent. 

The Simovert-P’s microprocessor al- 
lows it to be programmed for special site 
conditions. It drives common three-phase, 
220-Vac pumps up to 2.2-kW rated power. 
There are no known competitive inverters 
with these features. 

Centrifugal pumps with modified motors 
are employed for the smaller pumping sys- 
tems (P2—P4). The Grundfos Solartronic 
SA1500 inverters drive the modified three- 
phase, 65-Vac pumps. (The P1 types are 
for surface-pumping irrigation systems.) 

Both Simovert-P and the Solatronic in- 
verter have dry-running protection and 
can produce frequencies from 1 to 60 Hz. 
The actual output frequency at which the 
inverter operates depends on several fac- 
tors: the input power from the solar mod- 
ules, type of pump, piping, and the delivery 
head (defined as the height of the inlet to 
the cistern above the well’s water level). 
The efficiency differs with frequency and 
also with pump type, piping, and the slope 
from the delivery head. Typi- 
cal efficiencies of the com- 
bined inverter, pump, and 
motor are in the area of 40 
percent at 50 Hz and 10-20 
percent at 25 Hz. 
DANGER-FREE. The installa- 
tions need to be safe in two 
senses. They must be as im- 
mune as possible to external 


Lighting 














consists of connecting all parts (not only the 
modules and inverters, but also the support 
structures and fences) to earth ground. 
This is accomplished by burying a ring of 
copper cable 1 meter deep in the ground 
around the system and inside its protective 
fence, and connecting the ring to an earth- 
pole, or plate, in the ground. These mea- 
sures ensure that, in case of an external 
overvoltage, no significant difference in 
electric potential exists between the differ- 
ent components. 

The internal protection keeps any over- 
voltage from damaging the electronic de- 
vices—the inverter and solar-cell array. It 
consists of varistors in the junction box 
and in the inverter. 

Since the operating voltage of the pum- 
ping system lies in a hazardous range, 
measures must be taken to protect the 
public as well as system maintenance per- 
sonnel. For this reason, the systems were 
designed using German industrial safety 
standards (DIN/VDE-Standards). In addi- 
tion, each pumping system is fenced off 
from the public. 

The EC office awarding the contract im- 
posed strict quality requirements on com- 
ponents and material for this project. It 


2. Community photovoltaic systems 
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events, like lightning strikes, as 
well as harmless for people to 
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approach and maintain. 

There are two types of light- 
ning protection: external and 
internal. The external variety 
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[2] The first curve [reading counterclockwise from upper left] is the power irradiance indi- 
cating the correspondence of solar irradiance with maximum power output of the solar gen- 
erator. The next curve shows the irradiance at a specific time of day. In conjunction with the 
first curve, it reveals the power output of the generator at a specific point in time. The third 
curve, which charts the water's flow rate, can easily be linked to the other two. Last 1s the 
diagram of the output at the water delivery head, which charts the characteristics of the pump 
and the well in relation to the amount of water delivered. 


wanted to ensure that systems would be 
rugged enough to operate in harsh envi- 
ronments throughout a long service life. 
To find accessories and components of 
suitable quality at acceptable prices, ex- 
tensive market research was necessary. 
The materials and components selected 
had to pass severe tests performed at one 
or other of the four European research 
laboratories that are officially accepted by 
the Cilss organization: Technical Inspec- 
tion Authority (TUV) Rheinland, Cologne, 
Germany; LVT/CEA, Cadarache, France; 
Global Renewable Energy Services 
(GRES), Swindon, England; or Ciemat, 
Madrid, Spain. The main purpose of the 
tests was to ensure that the technical data 
indicated by the suppliers reflected the 
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specifications required. 

For instance, in the case of the invert- 
ers, the test criteria used by TUV Rhein- 
land included performance, efficiency, 
temperature and climate tests, electrical 
safety, and the examination of packaged 
devices after a drop from a height of 1 
meter. Further, the fabrication processes 
of the inverters’ suppliers were audited. 
During these tests, some possibilities for 
optimizing the devices came to light and 
were later integrated during production. 

For instance, the degree of electrical 
protection was increased from IP54 to 
IP55, the mechanical mounting of several 
components was optimized for greater 
ruggedness, and the steering program 
within the microcontroller was improved. 








A 10-g vibration test was also adde to 
production testing. 

Although this testing raised the suppli- 
er’s costs, in the end it was justified by the 
way the components operated; all devices 
work perfectly in the field and are highly 
reliable, which is not typically the case for 
photovoltaic inverters. 

For all PV modules, a certificate (CEC 
specification 502) from the Ispra Insti- 
tute of Ispra, Italy, is proof of qualification 
for the project. No problems arose in 
complying with the module data for any of 
the PV systems during the verification of 
the delivered power. 

For the West-African region, the basis 
for the system design is 6 kWh/m? per day 
(which lasts from 6 AM until 6 PM there) 
and a daily output of water within a range 
of 30 percent (-10 to +20 percent). All 
design values (300 W, peak, to 3.8 kWp, 
rated generator power) were checked and 
confirmed by the customer. 

For a specific site on an average day in a 

recommended month, a nomograph can be 
used to determine the characteristics of a | 
photovoltaic pumping system (of the solar 
generator, the well, and the water output) 
[Fig. 2]. Note that when water is drawn, its 
level in the well will drop; this so-called 
draw down and the rate at which the water 
returns to its previous level depend on the 
conditions of the site. No realistic state- 
ments on the delivery capacities of the sys- 
tems can be made without these data. On 
this basis, characteristic variations for vari- 
ous frequencies [Fig. 3] were determined 
for all centrifugal pumps used. 
FIRST RESULTS. The first of the project’s PV 
pumping systems were installed in early 
1991. As of April of this year, 55 out of the 
total of 330 deep-well pumping systems had 
been installed and had provided approxi- 
mately 270 000 hours of trouble-free op- 
eration. The total efficiency (from sun to 
water) of the completed systems is about 
3-4 percent. The efficiency of other sys- 
tems is about 2-3 percent. 

All systems work without any notable 
problems, so that the local populations can 
rely on receiving the precalculated quanti- 
ties of water. The yield of the systems 
until now amounts to approximately 1 200 
000 m° of water and is probably unique in 
its volume. In several villages the water 
output is so great (50-60 m3 per day) that 
the cisterns can be filled up within two or 
three hours. 

Cilss has installed several test PV plants 
that store all key data: delivery head, water 
output, insolation, voltage/current of solar 
generator, and water output. The goal is to 
measure performances and water output 
within a limited time period. So far, the 
stored data has shown that the systems’ 
output exceeds the Cilss specifications by 
10-20 percent (water output per day at a 
specific insolation). 

As of April 1994, 30 of the 339 communi- 
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ty systems had been installed, among them 
11 cooling systems used for storing vaccine 
in Mauritanian first-aid hospitals and 6 
lighting systems in Cape Verde schools. All 
the installed systems have satisfied their 
users and work without trouble. 

Essential to this success were the contri- 
butions of the local companies. Following a 
period of well-structured instruction, these 
local companies assembled, installed, and 
maintained the pumping systems. 

In this way, an excellent base of techni- 

cal knowledge for system and component 
has been established within the Cilss orga- 
nization. The local firms involved with the 
systems are now familiar with PV systems 
and their experience should form the basis 
for further successful applications in this 
and future projects. 
MINOR PROBLEMS. As with every project, 
there were some problems, but they were 
minor in nature. Some Gambian systems are 
in a region with frequent lightning strikes. 
To date, four lightning barriers at the input 
of the 3.5-kVA inverters have been de- 
stroyed by indirect lightning strikes. Never- 
| theless, the devices fulfilled their function 
because the inverters remained fully opera- 
tional. The barriers were replaced with 
| locally available spare parts. 

The second event, and to date the last, 

was the failure of four float switches in 
boreholes, caused by corroding well cas- 
ings. The problem was remedied by using 
an additional float switch filter. 
CHOICE OF VILLAGE.The selection of a village 
to be equipped with photovoltaic systems is 
governed by several criteria. There must be 
a real demand for water supply (population) 
and the basic infrastructure must be there 
(water hole, a small hospital). In addition, 
the villagers must be able to pay some 
money for replacement and maintenance. 
The water committees of the local villages 
take care of the administration of the 
| money. Fees for the water can be indi- 
vidually paid if somebody takes water. 
Alternatively, it is also possible to pay an 
annual average per family. 

Payment for the water is essential—it 
ensures the survival of the PV system. In 
Cape Verde, droughts have often lasted for 
as long as two years. When this happened, 
the villagers had to pay for water brought 
in tanks from the capital or places with 
higher rainfall. It was not difficult for these 
people to understand that water is not free 
of charge. 

The Podor people of Senegal, on the 
other hand, have traditionally taken drink- 
ing water from the river free of charge. 
Even although this water was often pollut- 
ed and caused many diseases, it is difficult 
to explain to the people that they must pay 
for clean drinking water. So the need to 
pay for water must often be clarified in 
lengthy discussions. 

PV systems within the region have com- 
pletely changed the lives of the African vil- 
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Source: Siemens Solar GmbH 





[3] A nomograph for each type of pump lets engineers determine the frequency at which it 
must be run to deliver the desired hourly flow of water for a given well head. However, each 
well has its own draw-down—a lowering of the well’s water level caused by drawing water at 
a particular rate. This affects the amount of water delivered and must be taken into account. 


lage people. Infectious diseases caused by 
polluted water have greatly diminished. 
Pure drinking water is available at water 
taps, and women and children no longer 
have to walk 3-5 km for water. Freed from 
this chore, children can go to school while 
women can tend a kitchen garden watered 
by the PV system. Because of the electrifi- 
cation of schools and public buildings, it is 
now possible to educate people after the 
workday ends at 6 PM. 

In each case, the local population must 
recognize the need for a village organiza- 
tion that is responsible for seeing that the 
PV installation is kept in good condition. 
They must also realize that they, too, have 
an obligation to care for the systems; there 
cannot always be a solution from an exter- 
nal source for everything. 

To solve the problem of collecting money, 
several sociologists, who are working on the 
problem of forging an “identification of peo- 
ple with the project,” have in the meantim- 
worked out insurance concepts. For exam- 
ple, in Gambia—a relatively well developed 
country with good business opportunities— 
a contract being negotiated between the 
Department of Water Resources and an in- 
surance company covers the possible risks 
of maintenance and replacement. This had 
the advantages of lowering costs for mainte- 
nance and replacement and of placing finan- 
cial administration outside the village. 
PRELIMINARY FINDINGS. Three years into 
the project, some interim conclusions can 
be drawn. Because of its comprehensive- 
ness—including the high requirements set 
on system quality and the reliance on local 
firms and local after-sales service, the train- 
ing of local partners, and the stocking of 
spare parts within each country—the pro- 
ject is very likely to succeed and to set an 





example for others like it in the future. 

Photovoltaic systems have proved to be 
a reliable way of offering essential services 
to rural communities off the electric grid. 
But for the successful implementation and 
operation of such systems, well-trained 
partners located in the developing commu- 
nities are imperative. 

That the components used in the pro- 
ject have shown themselves to be reliable 
and of high quality indicates that autho- 
rized inspection institutions play an impor- 
tant role in the success of large-scale pro- 
jects. At the same time, projects like Cilss 
allow manufacturers and suppliers to opti- 
mize their systems and components and 
prove their reliability. This in turn is bene- 
ficial for the next customers, increasing 
confidence in the products. 

Last, but by no means least, the Cilss 
project clearly demonstrates the benefits 
of appropriate technology to people in 
remote areas. 

TO PROBE FURTHER. More information about 
this project can be found in the paper, “PV 
Energy for a Sustained and Social Deve- 
lopment in the Sahel Region,” by F. Kabore, 
in The Yearbook of Renewable Energies, a 
publication of Eurosolar in collaboration 
with UNESCO sponsored by the Commis- 
sion of the European Communities, 1994, 
pp. 146-149. 
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DEVELOPING COUNTRIES/ PHOTOVOLTAICS 


Homemade watts for rural India 


Subsidized by the government, 
about 62 000 stand-alone 
phoiovoliaic systems supply 
villages with power for light, TV, 
radio, and pumping water 


eing noiseless and environ- 
mentally benign, systems 
for turning sunlight into 
photovoltaic energy could 
well become an important 
source of electricity. As 
yet, electricity from a utili- 
ty is less expensive, but it 
is not always available. That makes solar 
photovoltaics (PV) competitive in the far 
corners of many countries, mostly in the 
developing world. 

Terrestrial applications of solar PV have 
come a long way since serious work on 
them was triggered by the oil crisis of 
1973. Over the years, India has kept up 
with international activities and develop- 
ment in this area. The reasons are obvi- 
ous. The subcontinent’s plentiful sunshine 
and widely scattered rural population are 
well adapted to a source of electricity 
whose the cost per kilowatthour compares 
favorably with the cost of expanding the 
electricity grid into remote areas. 

In India today, as in other developing 
countries, PV systems serve to pump water 
for villages and to supply the villagers’ 
homes with power for lighting, radio, and 
television. Commercially, too, they are used 
to power remote communications and off- 
shore systems. 

Last year, India’s shipments of PV mod- 
ules totaled more than 4 megawatts, peak, 
constituting about 7 percent of international 
shipments. (The peak watt, or Wp, is the 
power produced by a PV module under stan- 
dard test conditions: 1 kW/m? at air mass 1.5 
incident solar radiation with a solar cell op- 
erating temperature of 25 °C). Indian mod- 
ule shipments should exceed 7 MWp this 
year, for a turnover of about 2000 million 
Indian rupees (US $65 million). This would 
account for more than a tenth of the total 
world shipment of modules. 

The fast growth of the Indian PV indus- 
try has also attracted growing technologi- 
cal and equity participation from other 
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countries. Many leading companies in this 
field from the western world now have a 
presence in India. 

STAND ALONE. Without exception, Indian PV 
applications are stand-alone, a necessity 
when there is either no or not enough utility 
electricity available. A typical stand-alone 
system consists of the PV modules, a bandk 
of storage batteries to handle the load when 
there is no sun, and assorted mechanical, 
electrical, or electronic components making 
up the balance of the system. The compo- 
nents vary with the system’s application, but 
usually include mounting structures for the 
modules, wires and cables, meters, switch- 
gear, indicators, fuses, and electronics for 
battery charge control, dc-to-ac conversion, 
and energy management electronics. 
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An adult literacy class in a village in 
Rajasthan in western India benefits 
From an outdoor lamp powered by a 
photovoltaic system. 


India’s rural PV applications have by and 
large been planned to supply power for es- 
sential domestic or outdoor lighting, com- 
munications, pumped water, or a combina- 
tion thereof, more or less uniformly dis- 
tributed geographically. 

At present the applications fall into four 
categories: portable lanterns operating for 
a few hours an evening and using a 5- or 7- 
W compact fluorescent lamp; one- or two- 
light domestic systems, with or without 
television receivers; systems for pumping 
drinking water from deep wells or water 
for irrigation from shallow wells; and vil- 
lage power plants, up to about 25 kWp in 
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Artist: Harry Bates. (Based on photos supplied by Central Electronics Ltd., Sahibabad, India) 


capacity, dedicated to the lighting, water- 
pumping, and TV reception requirements 
of the community. 

PLANS AT THE TOP. The Government of India 
has long planned to phase in various forms 
of renewable energy sources, including 
solar PV, or at least to do so in remote parts 
of the country unlikely to link up with utility 
power for many years. But the prices of 
photovoltaic systems and components are 
relatively high. So the powers that be de- 
cided that solar PV systems could not be in- 
troduced commercially at this stage without 
their financial support. 

The government therefore undertook to 
finance demonstration projects fully dur- 
ing the last decade, a phase in which valu- 
able field experience and data were gath- 
ered. That phase was gradually changed to 
one in which the consumers met a part of 
the costs for PV electrification, generally 
through periodic payments. However, the 
government still paid the bulk of the costs. 
Indeed, it still pays them in economically 
backward communities and many all-but- 
unapproachable regions of the country. 
Elsewhere, the financial support is slowly 
taking the form of soft loans to consumers 
with easy payment terms—the loan is to 
be paid back within eight to 10 years and 
the interest rate is lower than the prevail- 
ing market rate. 

A case in point is a nationwide project for 
| 1000 water-pumping PV systems for drip 
and sprinkler irrigation. The Indian govern- 
ment launched the project and shoulders 
up to 70 percent of the system cost, pro- 
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viding the consumer with a soft loan at 
low interest to pay for the rest. 

Under the program, about 62 000 stand- 

alone rural PV systems have already been 
installed. Half are outdoor, single-fluores- 
cent-light systems. Another 20 000 or so 
are one-, two-, or multi-light indoor light- 
ing systems with or without a TV receiver. 
(A literally instructive application has been 
the installation in distant regions of a few 
thousand indoor two-light systems, to help 
in teaching adult day workers to read.) 
Finally, a few thousand portable PV lan- 
terns, a thousand pumping systems for 
shallow and deep wells, and close to 500 
small stand-alone village power systems 
have also been installed. All of these sys- 
tems have been produced and engineered 
in India. 
MARKET PROGRAMS. In addition, a commer- 
cial market for solar PV is opening up in 
India. Recently, many market-oriented PV 
programs have been launched, including one 
using a $42 million World Bank credit. This 
revolving fund offers soft loans with easy 
repayment terms to likely users of PV sys- 
tems. The market development program is 
the first ever financed by the Worl Bank in 
the area of renewable energy. Detailed 
technical performance specifications and 
bid documents for stand-alone PV systems 
have been prepared for international com- 
petitive bidding. A publicity campaign to 
enlarge consumer awareness has also been 
launched. 

The first commercial Indian application 
of PV was in 1983. Its job was to supply 





energy to the on-board electronics of off- 
shore well-head platforms in the Arabian 
sea. 

Other applications soon followed in the 
fields of communication and telemetry, 
transport, oil, meteorology, defense, and so 
on. It should be appreciated that the gov- 
ernment is also a consumer and buyer in 
these market sectors. 

With the installation of 75 more very low- 
power TV transmitters by December, there 
will be 200 of them in operation in places 
cut off by natural obstructions and shadow- 
ing from standard TV transmitters. About 
30 percent are situated in areas where utili- 
ty electricity is available but is intermittent 
and of unacceptable quality. The remainder 
are located in unelectrified areas. 

Each transmitter is designed to operate 
in a completely unattended mode. It con- 
sists of one operating and one stand-by 10- 
W transmitter, a TV receive-only antenna 
for picking up satellite signals, and a trans- 
poser. The mean daily energy consump- 
tion is about 3600 Wh at 24 V dc. A six-day 
storage autonomy is built into the 1.7-kWp 
PV system. 

Each transmitter covers an area with a 
radius of about 10 km. In conjunction with 
a few thousand solar PV-operated direct 
TV receiving sets (DRS) and standard TV 
receivers, the very low-power transmitters 
are helping to extend the national televi- 
sion network to every nook and cranny of 
the country. 

RADIOTELEPHONE LINKS. The most notable 
commercial application in recent years has 
been the use of PV to power remote VHF 
radiotelephone links all over India. There 
are 15 two-telephone links of this kind for 
every base unit located in a nearby town- 
ship. The 48-V base unit operates on the 
150-MHz band and is generally energized 































































































































~ This technician is in- 
specting the photovoltaic 
modules that power a 
very low-power television 
transmitter and an- 
tenna located in the 
foothills of the Hima- 
layas in northern India. 
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by utility electricity. Each remote village 
link is operated by a solar PV system having 
a module capacity of 70 Wp and a deep-dis- 
charge, 12-V, 120-Ah battery. About 60 000 
rural telephone links of this kind are now 
being installed and a further 30 000 systems 
are being procured. 

The idea is to energize all such rural tele- 
phone links with solar PV electricity. It is 
quite often possible to infer the remote- 
ness of the installations from the fact that, 
in many places, the cost of transportation 
and installation exceeds that of the PV 
energizing system. 








Following extensive and extended quali- 
fication testing, the Indian Railways are 
now using stand-alone PV systems in many 
applications, among them semaphore sig- 
naling, automatic radio-controlled audio- 
visual alarms for level crossings, and small- 
wayside-station electrification to replace 
diesel generator sets. The PV-powered 
semaphore signal lighting has proven to 
cost much less than kerosene light. 

Elsewhere, a number of PV-operated 
cathodic protection systems have been 
installed for oil-carrying pipelines. There 
are many similar applications of solar PV 
in the meteorology and defense sectors. 
Recently, a collapsible, portable PV mod- 
ule, with integrated battery-charging elec- 
tronics, was introduced in large numbers 
in the army, after extensive qualification 
tests and field trials. 

Undeniably, field problems have arisen 
with many rural and some commercial PV 
systems. They are generally of two types: 
those due to vandalism and pilferage from 
publicly owned systems, and those due to 
technical and design defects. 

Technical failures have generally been 
manifested in the malfunction of electronic 
balance-of-system components, such as dc- 
to-ac converters and battery-charge con- 
trollers. The storage battery, too, often 
failed, frequently owing to the failure of its 
control electronics. Many times, for exam- 
ple, the components selected are not prop- 
erly qualified to work in a harsh outdoor 
environment. 

For publicly owned systems, the lack of 
simple maintenance, like the topping-up of 
the storage battery, also resulted in cata- 
strophic system failure. Occasionally, sys- 
tem failure was due to inadequate system 
sizing by the supplier. However, the PV 
modules rarely failed. 

Of late, technology upgrades, with in- 
puts coming from outside as well as inside 
the country, and the advent of a competi- 
tive market have considerably improved 
the performance of PV systems in the 
field. This, in turn, has helped the decision 
makers to appreciate the potential of solar 
PV. In short, Indian achievements in the 
rural application of solar PV have been due 
to the commitment of the Indian govern- 
ment and a few technical organizations. 
The existence of an industrial base, highly 
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Stand-alone, pole-mounted, outdoor 





Solar photovoltaic installations in India 


STS GMT eT 


lighting 


25-70 Wp (peak watts) 
3-6 hours per day; 
20/18-W fluorescent or 11-W compact 
fluorescent lamp (CFL) 
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Indoor domestic lighting 


Indoor domestic lighting plus TV 
receiver 


70-300 Wp; 
3 hours to all night; 
one to three lights; 
5-, 7-, or 9-W CFL 


color TV receiver ; 100-300 Wp 





Shallow-well pumping for minor irriga- 
tion 


Water table up to 7 m; 300-1200-Wp 
capacity; no battery storage 





Deep-well pumping for drinking water 


Portable lantern 


Vaccine refrigeration 


Water table: 10-130 meters: 
1- and 5-kWp capacity: 
overhead tank storage 


6-10 Wp; 
3-6 hours per day; 
5-7 W-CFL 


15-100-liter capacity; 
World Health Organization specifications | 








Direct-from-satellite TV receiving sets 


Village power supply 


100-300 Wp: color TV with dish anten- 
na and electronics 


lighting, fans, TV receivers, and water 


pumping); 
sized for specific location and loads 





Miscellaneous 


Unmanned very-low-power TV trans- 
mitters 


receiver 


Energizing electronics on board off- 
shore well-head platforms 


Multi-access rural radio communications 





Source: Various organizations in government and industry in India. 


trained technological manpower, and plen- 
tiful sunshine in most regions have also 
contributed to the success. Indeed, the 
future of solar PV appears bright in India 
as in many other countries. 
TO PROBE FURTHER. India’s ongoing effort to 
use technology and science systematically 
for the health and well-being of its people is 
discussed in JEEE Spectrum’s special re- 
port “Technology in India,” March 1994, 
pp. 24-53. The report recognizes electric 
power as a government priority. 
Photovoltaic applications are addressed 
in “Solar Technologies in India,” published 
by the Ministry of Non-Conventional En- 
ergy Sources, Government of India, New 
Delhi, December 1993, and in the 1992-93 


10-200 Wp 


1.7-2.0-kWp photovoltaic array; 
24-V, 1600-Ah deep-discharge battery: 
two 10-W TV transmitters and one TV 


| 9-3.5-kWp capacity; qualified for 
marine environment 


70-90-Wp modules; 
12-V, 120-Ah battery 











and 1993-94 Annual Reports of the same 
ministry. Sf 
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Europe’s supercollider project 


| With the U.S. supercollider 
dead, the project’s orphans 
are scrambling to get aboard 
| Europe's proton-smashing 


| Large Hadron Collider 


t the end of 1993, after 10 
years of controversy that 
had left the U.S. physics 
community bitterly divided, 
the U.S. Congress canceled 
construction of the Super- 
conducting Supercollider in 
Waxahachie, Texas. The 
| SSC, as it was known, would have been by far 
the largest and most energetic particle accel- 
erator ever built, a technological and scientif- 
ic triumph that was intended, among other 
things, to recover for the United States the 
| lead in particle physics from Europe. 

| Instead, European particle physics has 
| emerged stronger than ever. At a meeting 
tentatively scheduled for late September 
(as this article goes to press), the govern- 
ing council of CERN was expected to au- 
thorize construction of the Large Hadron 
Collider (LHC). This facility will be a small- 
er version of the SSC, and is to be built at 
much lower cost, although at higher tech- 
nical risk, than the planned U.S. supercol- 
lider. It will be housed in an existing accel- 
erator tunnel straddling the Swiss-French 
border outside Geneva at CERN (originally 
the European Center for Nuclear 
Research, now known as the European 
Laboratory for Particle Physics). 

Like the SSC, the LHC is intended to 
smash protons against protons at energies 
sufficient to reveal the nature of matter 
and to consolidate the prevailing general 
theory of elementary particles. But where- 
as the Texas collider would have crashed 
proton beams of 20 trillion electron volts 
head-on, for an effective collision energy 
of 40 TeV, the LHC is now planned as a 
14-TeV (total collision energy) machine. 
That figure still beats the present best: 
the most energetic proton collider now in 
operation is the Tevatron at Fermi Na- 
tional Accelerator Laboratory in Batavia, 
Ill., in which beams collide with an effec- 
tive energy of about 2 TeV. 

The energy of the European collider 
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should be enough to prove the existence of a 
crucial but arcane particle called the Higgs 
boson (or bosons). Success would achieve 
one of physics’ long-sought-after goals: an 
understanding of why certain fundamental 
particles have mass—and an accounting of 
what matter is and what causes it to exist. 
Such an outcome, however, will require 
completion of one of the most technological- 
ly demanding projects ever undertaken in 
physics research. The LHC’s particle detec- 
tors, superconducting magnets and associat- 
ed cryogenics, and data collection will all 
demand achievements at the very edge of 
what is technically possible. 

A special prestige attaches to particle 

physics. If, therefore, the LHC is built as 
planned, it will be widely taken as proof 
that Europe has recovered its age-old 
position at the center of world science. 
That probable outcome can be laid partly 
at the door of the physics leadership of 
the United States, which has not always 
exercised the best technical and political 
judgment. 
COMPETITIVE INSTINCTS. The goal of building 
a supercollider is to confirm the final major 
details of what is known among physicists as 
the standard model of the fundamental par- 
ticles and their interactions. The idea orig- 
inated in the early 1980s, at a time when 
competition between the U.S. and European 
particle physics communities suddenly 
heated up. 

The cause was the discovery, in 1983 and 
1984 at CERN, of the W and Z particles, the 
relatively massive carriers of the weak inter- 
action. The feat definitively confirmed the 
union of the electric and weak forces, two of 
the four natural forces regarded until then 
as distinct (the others are the strong force 





Defining terms 


Baryons: particles, such as the proton, antiproton, 
and neutron, consisting of three bound quarks. 
Bosons: the force-carrying particles, that is, the 
massless photon and the very heavy W-, W+, 
and Z particles. 

Cyclotron: the kind of accelerator, invented by 
Ernest Lawrence, in which particles spiral out 
from the center of a ring under the influence of a 
magnetic field at right angles to their paths. 
Electroweak theory: the unified theory that 
accounts for the electromagnetic force and the weak 
force, which is responsible for radiative decay. 





and gravity). It also won the 1984 Nobel 
Prize in Physics for Carlo Rubbia and Simon 
van der Meer. Rubbia conceived and led the 
project, and van der Meer invented the tech- 
nique that enabled CERN to build the innoy- 
ative proton-antiproton collider with which 
the particles were first observed. 

A controversial figure, Rubbia is known 
not only for his ego and drive but also for 
his mastery of electronics. He was consid- 
ered an electronics wizard from early child- 
hood, according to a not always flattering 
but largely uncontested account by science 
journalist Gary Taubes in Nobel Dreams 
(Random House, 1986). Taubes writes that 
Rubbia “still remembers the day the news- 
papers announced the invention of the tran- 
sistor as a great day in his life,” and “was 
always aware of the latest technology” and 
“ready to risk everything to use it.” 

A proton-antiproton collider has beams 
circulating in opposite directions but guid- 
ed by the same magnets. In the mid-1970s 
Rubbia was alerted to the possibility of 
constructing one by a young physicist 
named Peter McIntyre. In 1978, Rubbia, 
McIntyre, and physicist David Cline (then 
at the University of Wisconsin) tried to sell 
the idea to Robert Wilson of Fermi Na- 
tional Accelerator Laboratory, or Fermi- 
lab, but they were rebuffed. It seems that 
diplomatic errors in the approach to 
Wilson were compounded by Rubbia’s then 
dubious reputation and Wilson’s mistrust 
of him, and by general fiscal conditions. 

But whereas the Vietnam War had left 
U.S. physics strapped for funds, CERN 
happened to be flush. Rubbia went straight 
there from Fermilab, sold the laboratory’s 
leadership on the idea of converting an 
existing accelerator into the world’s first 


Fermions: the elementary constituents of mat- 
ter, including the six quarks and their antiquark 
partners, and the electron, muon, and tau and 
their partner neutrinos. 

Hadrons: the particles consisting of quarks that 
are affected by the strong force. 

Mesons: “bosonic hadrons,” these consist of two 
bound quarks and include the kaon and pion. 
Synchrotron: the standard contemporary accel- 
erator, in which particles are guided in a circle by 
magnets and repeatedly sent through radiofre- 
quency cavities, gaining energy each circuit, until 
they finally are prompted to collide with a fixed tar- 
get or with a counter-circulating beam. 
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Colliders that accelerate beams of protons or protons and antiprotons create the highest- 
energy collisions for the study of the most fundamental particles. A proton-proton collider 
has two rings of magnets, each with opposite field direction to guide the protons in opposite 
directions. At the same time, other magnets, interspersed in each ring, focus the particles 
into tight, concentrated beams. These counter-rotating beams meet and cross one another 
in the interaction regions, where sophisticated detectors are installed to capture evidence of 





the fundamental particles created by collisions between individual protons. 
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proton-antiproton machine, and proceeded, 
using van der Meer’s innovation, to make 
the machine—and an almost equally innova- 
tive detector—work. According to Taubes’ 
book, the fact that the machine did work 
elated Rubbia even more than the subse- 
quent discovery of the W and Z particles. 
SMASHING SUCCESS. So shocking to the 
United States was CERN’s discovery that 
The New York Times editorialized on the 
need to recover the lead in particle physics. 
Physics advisers to the U.S. Department of 
Energy immediately recommended building 
a collider to end all colliders. At the same 
time, they decided to ditch a half-built accel- 
erator at Brookhaven National Laboratory, 
on Long Island, N.Y., deeming it inadequate 
to plumb the ultimate mysteries of the 
standard model. Thus Brookhaven’s Isabelle 
came to be known as “was-a-belle,” and the 
ill-fated SSC project was born. 

Meanwhile, the Europeans were not 
resting on their laurels. As early as 1978, 
when construction of a large electron- 
positron (LEP) synchrotron collider at 
CERN was being planned, the lab’s leader- 
ship decided to make the LEP tunnel as big 
as possible—in both circumference and vol- 
ume—so that it could be used for a second 
collider in the 1990s. In 1985 Rubbia was 
asked to head a committee on long-term 
planning, and in due course that committee 





recommended building a proton-proton 
supercollider in the 27-km LEP tunnel. 
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As competing plans for the U.S. and 
European colliders evolved in the late ‘80s, 
it is probable that most U.S. particle physi- 
cists regarded CERN’s plans, if they noted 
them at all, with a certain disbelief. Why, if 
the United States was going ahead with a 
40-TeV supercollider, would Europe both- 
er to build a machine with less than half 
the energy for essentially the same pur- 
poses, according to much the same design, 
and on pretty much the same schedule? 

CERN’s leadership, in essence, made 
this case. Its collider (they said) would 
compensate for lower energy with higher 
“luminosity” (a measure of collision-event 
rates). The machine would have a much 
better than even chance of finding the 
Higgs bosons, despite its lower energy, and 
while the SSC would have been somewhat 
better equipped to find the Higgs, the LHC 
would have had a good chance of being fin- 
ished before the SSC. 

Even if the LHC failed to find the Higgs 
first, they argued, it still could do a lot of 
other good proton-proton physics—plus 
do double duty as a heavy-ion collider. 
Possibly, too, it could be used in conjunc- 
tion with LEP as a proton-electron collid- 
er, not unlike a somewhat eccentric 
machine that was to start up in 1982 in 
Hamburg, Germany. 

Moreover, CERN’s leadership boasted 
that the LHC would be able to do all that at 
much lower cost than the SSC, because it 





would build on existing resources at CERN 
rather than be constructed from scratch. As 
Christopher Llewellyn Smith, the current 
director general of CERN, put it in a recent 
article, “the value of existing facilities that 
will be incorporated in the LHC, namely, the 
Linac, Booster, Proton Synchrotron, Super 
Proton Synchrotron, LEP tunnel and LEP-II 
cryogenics, as well as site amenities such as 
buildings and roads, exceeds that of the new 
elements of the LHC, making the project 
very cost effective.” 

The total projected cost of the LHC, 
excluding detectors and CERN personnel, 
is currently estimated at about US $2 bil- 
lion, about twice the first, informal esti- 
mates made around 1987. Current plans 
call for holding the cost of each of two 
detectors to about 300 million Swiss francs 
(US $230 million). The SSC, partly because 
it would have started from scratch, was 
last estimated to cost more than $10 billion 
when it was canceled last year. 

HOW IT WORKS. As_ Llewellyn Smith’s 





statement implies, LHC will rely—ike all the 
most advanced colliders currently operating 
or planned—on cascade acceleration. This 
technique uses a series of boosters and rings, 
each optimized for a specific energy range. 
Initial acceleration takes place in a proton 
booster and in the Low Energy Antiproton 
Ring (LEAR). Next the protons and an- 
tiprotons are fed into the existing Proton 
Synchrotron, then into the existing Super 
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The proposed two-in-one di- 
pole magnets for the Large 
Hadron Collider will stretch 
superconducting magnet tech- 
nology to the limit of the art. 
Made of niobium-titanium 
conductor material and cooled 
by superfluid helium, they will 
operate at 1.8 K. The field 
strength is to be 8.65 teslas, 
versus 4 T for the magnets at 
Fermilab’s Tevatron and 6.6 
T for those planned for the 
now defunct Superconducting 
Supercollider. 


CERN 


Proton Synchrotron, and finally into the main 
storage ring, where bunches of protons and 
antiprotons are made to collide. 

At every stage, acceleration is effected 
by radio frequency cavities. As protons or 
antiprotons cross gaps between charged 
plates in a vacuum, they acquire the ener- 
gy of the voltage difference between the 
plates. But the orbits of the circulating 
particles tend to get larger with increas- 
es in energy, and therefore have to be 
stabilized by increasing magnetic fields in 
synchronization. 

Strong focusing of the beams, essential to 
achieving the collision rates needed and to 
the economics of any large ring, is accom- 
plished by means of quadrupole magnets. 
Following the usual practice, these are sepa- 





Sweet—Europe’s supercollider project 
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rate from the dipole magnets used to steer | 


and bend the proton beams. 

A fairly innovative feature of the LHC, 
however, is that both the quadrupole and 
dipole magnets will contain separate vacu- 
um channels for the proton and antiproton 
beams, rather than having twin sets of mag- 
nets for each beam. 

Like the Tevatron and planned SSC, the 
LHC will rely on superconducting magnets. 
It will draw on technology initially devel- 
oped under Wilson’s leadership at Fermilab 
and brought to fruition largely through 
contributions by Alvin Tollestrup, who 
worked there and at the California Institute 
of Technology at Pasadena. Tollestrup 
found ways of dealing with the eddy cur- 
rents that tend to arise in such magnets, 





“quenching” their superconductivity with 
the hot spots caused by micromovements 
of the superconducting material. 


Pushing the state of the art 


Will the LHC be able to escape further cost 
escalation of the kind that doomed the SSC? 
It has always been recognized that the LHC 
is much the riskier technically. Because the 
collider has to be placed in an existing tun- 
nel on top of another accelerator, its size is 
sharply constrained, pushing the limits of 
detector and magnet technology. 

The two detectors already have been 
selected. Their designs were to be final- 
ized, in detail, before CERN went to the 
member states for authorization of the pro- 
ject. Complete finalization was deferred at 
the end of last year only because of inter- 
national negotiations that were opened 
with U.S. physicists and other parties as a 
result of the SSC’s demise. 

Both detectors are general-purpose 
devices designed to cover the full range of 
relevant physics. The one called Atlas will 
consist of a large air-core superconducting 
toroid, surrounding an inner superconduct- 
ing solenoid, coaxial with the beams. The 
other detector, called the Compact Muon 
Solenoid, consists of a single supercon- 
ducting solenoid. 

Atlas’s toroidal coils will circumscribe a 
magnetic volume 26 meters long and 20 
meters across. Along with the solenoid 
magnets, they will bend the tracks of most 
of the particles created in collisions, so 
that measurements of the particles’ mass 
and momentum can be made. The sole- 
noid’s iron yoke and the hadron calorime- 
ter inside it are designed to capture every- 
thing but muons, which are to be detected 
in the outer tracking chambers (the 
calorimeter measures the heat energy 
deposited by the various particles). 

The basic idea, the experiment’s 
spokesman Peter Jenni explained, is for 
the toroid and the solenoid to make mea- 
surements of electrons and muons com- 
pletely independently, so that the two 
parts of the detector will not share sys- 
temic errors and thus can verify (or nulli- 
fy) each other’s results. 

Atlas, Jenni claims, will be able to handle 
luminosities even higher than those called 
for in the machine’s design—10™ events per 
square centimeter per second, or one order 
of magnitude greater than what the SSC was 
designed for. In this context, an event is a 
collision of any kind between two particles. 

The Compact Muon Solenoid is more 
compact than Atlas but, at 12 000 tons, twice 
as heavy. Tracking components are placed 
right up against the beam pipe, subjecting the 
elements to extraordinarily intense radiation. 

Easily the toughest challenge associated 
with the detectors will be figuring out how 
to process and collect—in real time—the 
data from the LHC’s enormously intense 
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collisions. With bunches of proton beams 
crossing each other 40 million times per 
second, and with up to 20 events occurring 
at each collision, the machine will yield 
almost 109 events per second. 

The data will be hard to manage. 
Triggers built into the detection electronics 
will have to be able to select one event out 
of every hundred million or so to save. The 
idea will be to discard events encountered 
in the past and save novel ones, which by 
inference will be more interesting. 

One obstacle to detection is the 
extreme brevity of the interval—roughly 
25 nanoseconds—between crossings of 
bunches of proton beams. Being so closely 
spaced, interesting events, representing 
rare physics processes, will tend to pile on 
top of common and uninteresting events 
from the same bunch crossing. To mini- 
mize the problem, CERN engineers have 
chosen to use what are known as high- 
granularity detectors, with relatively large 
numbers of detector channels. 

All the data from these detectors will be 
initially stored in pipeline memories, acting 
in effect like delay lines. The data from a 
small fraction of events of interest will be 
transferred to buffer memories away from 
the detectors. Only after a second-level 
sifting of this buffer data will the events of 
interest be fully reconstructed. 





Big challenges also are associated with 
the unprecedented radiation levels and the 
heat that the detector components will 
endure, especially those in the Compact 
Muon Solenoid. “At peak luminosities,” a 
CERN report on the LHC pointed out, 
“there will be about ten million charged par- 
ticles per square centimeter per second at 
a radius of 30 cm from the interaction 
point.... The high-speed electronics attached 
to the trackers will generate some 20 kW of 
heat in a relatively small enclosed volume.” 

The challenges and risks connected 
with magnet development seem equally 
daunting. Field strengths of more than 8 
teslas will subject the structures contain- 
ing yokes and cryostats to enormous 
stresses, and state-of-the-art cryogenics 
will be required to produce these fields. 

The key to obtaining such strong fields is 
the use of superfluid helium at 1.9 K, 
according to Lyndon Evans, who heads the 
LHC design team. The LHC’s magnets will 
be filled with static helium, Evans explained, 
and superfluid helium, obtained by pumping 
the pressure down to about 1.6 kilopascals, 
will be trickled through heat exchangers 
alongside the magnets, yanking the temper- 
ature down to 1.8-1.9 K. 

The lower temperature of superfluid 
helium, Evans said, buys about 3 T in field 
strength. It permits higher current densi- 





ties and field strengths without loss of 
superconducitivity. It also exploits the 
tremendous thermal conductivity of the liq- 
uid—about 10 000 times that of copper— 
to carry heat out. The LHC will be the first 
particle accelerator with magnets cooled 
by superfluid helium; Fermilab’s Tevatron 
uses regular liquid helium at 4.2 K. 

While CERN’s leadership has expressed 
confidence all along that it will achieve 
magnet goals and recently won a vote of 
confidence from the lab’s governing coun- | 
cil, the magnet development program has 
not been completely without hitches. The 
lab managed to test some individual mag- 
nets successfully, but contrary to earlier 
plans, it was unable to test a string of mag- 
nets before going to its council for autho- 
rization of the LHC. And last year, it had to 
scale back the targeted magnet field 
strength to 8.65 T from 9.5 T. That trans- 
lated into a reduction in the targeted cen- 
ter-of-mass (collision) energy to about 14 
TeV from 16 TeV. 


Finding the Higgs 


The LHC’s design energy of about 14 TeV | 
will be required to achieve collision ener 
gies of around 1 TeV for quarks, the con 
stituents of protons and neutrons, as well as | 
for gluons, the particles mediating the © 












The mysterious universe of elementary particles 


Current understanding of elementary particles is 
summed up in what physicists call the standard 
model. This model is built out of two kinds of 
particles and three basic types of forces: namely, 
force particles and matter particles, plus gravity, 
the strong force (which binds quarks together into 
protons and neutrons), and the electroweak force. 

The photon, carrier of the electromagnetic 
force, is an example of a force particle, while the 
electron is a matter particle. The electromagnetic 
and weak components of the electroweak force 
were considered distinct until the 1970s, when 
high-energy experiments revealed their underly- 
ing symmetry and similarity. 

This was one of the great experimental discov- 
eries of the 1960s, ‘70s, and ‘80s, made largely at 
U.S. and European accelerator laboratories. They 
can be summarized by listing the force and matter 
particles observed then for the first time. The W 
and Z particles, for example, discovered in 1983, 
are the force particles for the weak interaction; 
they are particularly massive-—80-90 times more 
so than the proton. They were found at CERN, the 
acronym by which the European Laboratory for 
Particle Physics is known. 

Quarks, the main constituents of protons and 
neutrons, are particles with fractional charge: +2/3 
or -1/3, if the charge of the electron is taken as -1. 
The proton is basically composed of two +2/3 and 
one -1/3 quark, for a total charge of +1, and so on. 
The top quark, which researchers at Fermilab in 
Batavia, lll., recently claimed to have found, 


weighs 174 GeV—as much as the nucleus of a 
gold atom. So far three families of quarks have 
been found. Each has a pair of quarks and a corre- 
sponding pair of leptons, which are electron-like 
particles that interact with electromagnetic, gravi- 
tational, or weak forces. 

The first real mystery about elementary parti- 
cles concerns neutrinos. In the standard model, 
the neutrino is a partner to the charged lepton, 
otherwise known as the electron. There are three 
types of neutrinos, labeled by the lepton type— 
electron, muon, and tau. However, the electron is 
more than 50 000 times as massive as the elec- 
tron neutrino, and there are hints from solar-neu- 
trino experiments that the mass ratio could actu- 
ally be more than a billion to one! 

Why are the neutrinos so massless? No conser- 
vation law or other physical principle demands 
this. On the other hand, if one of the neutrinos were 
to have a mass of only 30 electron volts, then the 
mass of all the neutrinos in the universe (left over 
from the Big Bang) would far exceed that of all 
other matter (the matter in stars, humans, Buicks, 
and so on). This, in turn, could mean that the uni- 
verse will eventually collapse in what British physi- 
cist Stephen Hawking has called the Big Crunch. 

How can such tiny neutrino mass be measured? 
It is done by exploiting an interference effect, simi- 
lar to that for light waves, called neutrino oscilla- 
tions. Experiments along these lines are being set 
up in the United States and at CERN, and other 
experiments, in which | am participating, are 


planned in which a neutrino beam will be shot from 
CERN to the Gran Sasso Laboratory, west of Rome. 

This leads us to the second mystery of elemen- 
tary particles: where does their mass come from? 
This question is deceptively grand, implying as it 
does a reference to the mass of all matter in the uni- 
verse. In the standard model, mass derives largely 
from the force created by the exchange of a new 
particle called the Higgs boson (after the theory for- 
mulated by the Scottish physicist Peter Higgs). The 
discovery of this particle was the goal of the now 
canceled Superconducting Supercollider, and will 
be the main goal of the Large Hadron Collider 
(LHC) at CERN [see accompanying article]. 

What if data gathered at the LHC strongly sug- 
gest there is no Higgs boson? This is the night- 
mare that many theoretical physicists must some- 
times have—because if no Higgs exists, their field 
is back to Square One. Of course, there could be a 
new world of particles waiting to be discovered at 
the LHC that could clarify this mystery. 

The third great mystery of particle physics has to 
do with the violation of a sacred symmetry principle 
called time reversal invariance. Until 1964, it was 
assumed that the laws of physics were immutable 
with respect to the direction of time—that is, the 
laws were the same whether time ran forward or 
backward. However, in a famous experiment at 
Brookhaven National Laboratory, on Long Island, 
N.Y., Val Fitch, Jim Cronin, and their colleagues 
discovered a process that indicates that the laws of 
physics actually do depend on whether time is run- 
ning forward or backward. This is, though, a tiny 
effect, and no one yet knows if it is intrinsically 
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strong force that binds the quarks insepara- 
bly together. Llewellyn Smith said that the 
2-TeV reduction in design energy from 4 
TeV due to reduced magnet field strengths 
will not prevent the machine from finding 
| new particles such as the Higgs. The asser- 
tion is not disputed by competing labs. 

What exactly is the Higgs and why is it so 
important? The first question is much tricki- 
er to answer than the second. Explaining 
| what the Higgs is to the educated public has 
| proved to be almost as hard as conceiving it 
and, possibly, finding it. Last year a newly 
appointed science minister in Britain, which 
happens to have been the wariest of the 
European countries in supporting the LHC, 
offered a bottle of champagne to the particle 
physicist who could best explain the Higgs in 
one single-spaced typewritten page. 

At the back of the official’s mind, no 
doubt, was an influential report that had 
appeared in Britain nearly 10 years before. 
In it, particle physics was declared not the 
most fundamental science imaginable and a 
reduction or slowdown in British support for 
particle physics was recommended. 
(Llewellyn Smith, then the British particle 
physics community’s designated spokesman, 
called the report a “knee in the groin” in an 
interview with Physics Today magazine.) 

The contest produced a five-way tie. In 
what was probably the most popular entry, 





David J. Miller of University College, 
London, drew a political analogy. First, he 
explained the Higgs mechanism, by which 
the particles impart mass to quarks and to 
vector bosons (carriers of the weak force, 
which governs radioactive decay). He imag- 
ined an unnamed (but female) ex-prime 
minister crossing a room, so that as she 
passed, a moving cluster of people formed 
around her. “Because of the knot of people 
always clustered around her, she acquires a 
greater mass than normal, that is, she has 
more momentum for the same speed of 
movement across the room,” Miller wrote. 

Then, by way of explaining the Higgs 
particle itself, he conjured up a hot politi- 
cal rumor crossing the same room of polit- 
ical workers, so that clusters again form as 
it crosses. “Since the information is car- 
ried by clusters of people, and since it was 
clustering which gave extra mass to the 
ex-Prime Minister, then the rumor-carry- 
ing clusters also have mass,” he explained. 

Miller also pointed to an analogy in the 
physics of solids: “A crystal lattice can 
carry waves of clustering without needing 
an electron to move and attract the atoms. 
These waves can behave as if they are par- 
ticles. They are called phonons, and they 
too are [mass-mediating] bosons.” 

In the entry the CERN Courier, the labo- 





ratory newsletter, chose to reprint, Simon 





Hands of the CERN theory division 
described the Higgs field as endowing space 
with a “grain,” like wood. He wrote: 
“Particles called vector bosons can travel 
with the grain, in which case they move eas- 
ily over large distances and may be 
observed as photons—particles of light. 
Against the grain, particle ranges are much 
shorter—these are the W or Z particles... 
When particles of matter such as electrons 
or quarks travel through the grain, they are 
constantly flipped ‘head over heels.’ This 
forces them to move more slowly than their 
natural speed, that of light, by making them 
heavy. Only the elusive neutrino seems (as 
far as we can tell) to spurn interaction with 
the Higgs and remain massless.” 

HIGGS EPIPHANY. Higgs bosons of several 
possible varieties could reveal themselves in a 
multitude of signatures, but two are considered 
most probable and most foolproof. The 
clearest evidence of a Higgs weighing less than 
130 GeV would be a photon pair manifesting 
itself in a very narrow energy “window” of just 
a few gigaelectronvolts, and this is why super- 
sensitive measurement of particle energies 
features in both detector designs. 

For the Compact Muon Solenoid, ac- 
cording to the collaboration’s spokesman 
Michel Della Negra, the most effective, but 
most expensive, means of detecting photon 
pairs would be the photoelectric effect in a 





small or just the iceberg-like tip of a large effect. 

One approach to understanding the effect is to 
study it in relation to a quark in the third family, a 
particle known as the bottom (b) quark. Various 
so-called b factories using electron-positron col- 
lisions and proton collisions are being set up in 
Japan, the United States, and Europe. 

Another way is to build a so-called @ factory, a 
very intense low-energy electron-positron collider 
that produces a multitude of correlated particles 
to be used to study symmetry principles. One is 
being built at Frascati, Italy, and another kind may 
possibly be built some day at the University of 
California at Los Angeles. 

The fourth and perhaps greatest mystery of all 
contemplates the possibility of new scales of 
physics at vastly higher energy. For example, the 
theory of the Grand Unification of Forces postu- 
lates that the weak, electromagnetic, and strong 
forces are all united at the incredible energy of 
1012 TeV—or 500 000 million times the level 
attainable in Fermilab’s Tevatron, the highest-ener- 
gy colliding-particle machine now in operation. If 
this is so, the real mystery may be why any low- 
energy things, like protons and electrons, exist at 
all! Furthermore, it would have enormous implica- 
tions for one of the most exciting new fields of sci- 
ence called Astroparticle Physics, or Particle 
Cosmology—the study of the universe before it 
was even quadrillionths of a second old, when the 
only things that existed were elementary particles. 

The grand unification theory is not without its 
own type of puzzle, which some say leads to the 
concept of the supersymmetric nature of matter. If 


there is a new world of particles at the grand uni- 
fication scale, they will interact, ever so feebly, 
with the low-energy particles that make up the 
world. In physics, such interactions will usually 
lead to the low-mass particles being “dragged up” 
to the high-energy scale. 

But no one even knows for sure why there are 
any low-mass objects like the proton or electron 
in the universe. To date, only one explanation has 
been put forward: the theory of supersymmetry, 
which indicates a new particle for every existing 
particle. So far, not a single supersymmetric par- 
ticle has been observed: but the LHC and the 
Compact Muon Solenoid detector being worked 
on at UCLA and elsewhere are being readied to 
observe these particles, if they do exist. 

The only direct way to test whether there are 
such entirely new physics at extremely high ener- 
gies is to discover the decay of the proton. The 
current belief is that the proton is not entirely sta- 
ble but will decay through the mediation of a very 
high-mass, virtual particle. Such particles are pos- 
tulated in the Grand Unification of Forces scheme 
and supersymmetric versions of these theories. 
Carlo Rubbia, |, and others are building a 5000- 
ton, ultrapure liquid-argon detector called Icarus 
at the Gran Sasso underground laboratory to con- 
tinue the search for proton decay to the ultimate 
level possible on earth. We shall also be conduct- 
ing many indirect experiments, including some on 
the origin of the dark matter in the universe. 

The supersymmetric Grand Unification theory 
also provides for stable, neutral, lower-mass par- 
ticles that would have been made in the early uni- 
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verse. These particles could make up some of the 
missing, or dark, matter in the universe. Experiments 
are in progress around the world to attempt to detect 
this supersymmetric dark matter using very sensi- 
tive detectors at underground laboratories. 

Which brings us back to the first mystery: why 
the neutrino has so little mass compared to the 
Grand Unification scale, a full 28 orders of mag- 
nitude in energy, or mass, for the electron neutri- 
no. The very fate of the universe as we know it 
may be revealed by these ratios. The Grand 
Unification energy scale set the early universe 
structure and perhaps a tiny neutrino mass will 
determine the long-term fate of the universe— 
from beginning to end! 

All in all, since the great heyday of particle 
physics discoveries in the '70s and ‘80s, the field 
has matured. It is now treating the very fact and 
fabric of the universe as a laboratory for the 
future, while devising and building new accelera- 
tors and new principles of acceleration to push 
the energy envelope here on earth. No wonder 
physicists are so chauvinistic about their field! 

—David B. Cline 


David B. Cline is a professor in the departments of 
astronomy and physics at the University of 
California,in Los Angeles (UCLA), where he initiat- 
ed and now directs the Center for Advanced 
Accelerators. An associate editor of the Nuclear 
Physics B journal, he includes among his research 
interests the development of an asymmetric @ fac- 
tory at UCLA, the decay of the proton, and the 
search for neutrino mass using various methods. 
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crystal such as cerium fluoride or lead 
tungstenate. Also being evaluated is a hard 
glass, and the fallback option would consist 
of plastic scintillators in a shish kebab con- 
figuration. A similar option for Atlas calls 
for lead converter plates and liquid argon 
in an accordion configuration. 

A Higgs weighing between 130 GeV and 
1 TeV would show up most clearly in two 
pairs of leptons (electrons or muons). A 
muon is the collective name given to a pair 
of elementary particles with positive and 
negative charge, certain spin characteris- 
tics, and a mass of about 105.7 MeV. Since 
muons are highly penetrating and ener- 
getic, a strong magnetic field or long tra- 
jectory is needed for mass estimates, 
which explains the tradeoff between size 
and field strength in the alternative Atlas 
and Compact Muon Solenoid designs. 

Finding the kind of simple Higgs called 
for in the current standard model of ele- 
mentary particles and forces is of course 
not the only rationale for the LHC (nor was 
it for the SSC). Della Negra and many of 
his colleagues believe that the simple Higgs 
is “too simple.” They consider up to five 
Higgs bosons more likely, as anticipated in 
supersymmetry, a theory that strives for 
unification of the electroweak and strong 
forces at the cost of pairing all the known 
particles with supersymmetric mates. 
Thus, every quark would be paired with a 
so-called squark, and the force-mediating 
gauge boson would have much heavier 
boson partners (such as the Z’ or W’). 

But it also is agreed that those much 

heavier-gauge bosons or supersymmetric 
gluinos would only appear at the very top 
of, and perhaps above, the LHC’s energy 
range, and so Della Negra concedes that 
the SSC would have been a better instru- 
ment for finding them. Thus, the Higgs 
particle and the associated Higgs mecha- 
nism are the one phenomenon that the 
LHC seems certain to illuminate. 
HELP WANTED. Last year, the experimental 
physicist and Nobel Laureate Leon 
Lederman published a book that he gave the 
provocative and perhaps impolitic title, The 
God Particle—in honor of the Higgs. He 
dubbed the Higgs “the God particle,” he said, 
because is “so central to the state of physics 
today, so crucial to our final understanding of 
the structure of matter, yet so elusive.” 

Elaborating later in the same book, 
Lederman said: “The variation of mass 
with state of motion, the change of mass 
with system configuration, and the fact 
that some particles—the photon surely 
and the neutrinos possibly—have zero 
mass, all challenge the concept of mass as 
a fundamental state of matter.” 

In Dreams of a Final Theory, a book in a 
very different style, Steven Weinberg of the 
University of Texas wrote: “Out of the 
fusion of relativity with quantum mechanics 
there has evolved a new view of the world, 
one in which matter has lost its central role. 
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Atlas, one of the two detectors 
planned for the LHC, consists 
of a large toroid surrounding 
an inner solenoid. Muon mea- 
surements will be possible even 
outside the device’s 
calorimeters, enabling it to 
handle event rates still higher 
than those called for in the 
current machine design. The 
Compact Muon Solenoid, the 
other detector, consists of a 
more compact solenoid, 15 
meters long with an inner 
radius of 3 meters. Its super- 
conducting coil ts to achieve 4 
T and will be the largest ever 
built. It will consist of three- 
component superconducting 
wire in four layers, eech layer 
being formed of a niobium-ti- 
tanium and copper composite, 
surrounded by a_ pure 
aluminum envelope (to sta- 
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bilize the current in the event of quenches) and then 


an aluminum alloy (for structural integrity). 
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This role has been usurped by principles of 
symmetry, some of them hidden from view 
in the present state of the universe.” 

It was Weinberg, together with Abdus 
Salaam and Sheldon Glashow, who was pri- 
marily responsible for devising the elec- 
troweak theory and its elaboration as the 
standard model, based on principles of 
symmetry and symmetry breaking. 

Weinberg, one of the best-known of 
physics Nobel Laureates, is not shy about 
saying why a supercollider should be built 
to find the Higgs: “The reason we give the 
impression we think that elementary parti- 
cle physics is more fundamental than 
other branches of physics is because it is.” 

Ironically, the Weinberg and Lederman 
books, written in support of the SSC, have 
turned out to be arguments for the LHC and 
for 500 or so veterans of the two proposed 
SSC detector collaborations who now are 
seeking to participate in the LHC. At the end 
of last year, when CERN deferred finalizing 
the detector proposals, the objective was to 
allow for the possible inclusion of technical 
contributions from a wider circle and, it is 
hoped, more solid funding as well. CERN has 
made it plain that it expects a financial con- 
tribution of about $500 million for the pro- 
ject from the United States—a departure 
from traditional rules requiring open inter- 
national access to major physics facilities. 

CERN’s position is that the balance of 
exchanges in particle physics is now shift- 
ing so decisively to Europe, with many 
more U.S.-based particle physicists working 
on European machines than vice versa, that 
the laboratory cannot do without compensa- 
tion from major nonmember partners. 
While CERN also has insisted all along that 
it will build the LHC no matter what, it has 





admitted its financial situation will be pre- 
carious without added outside support. 

Atlas spokesman Jenni reports that his 
project has been joined by the spokesmen 
for the two SSC detector collaborations, 
William Willis of Columbia University and 
George Trilling of the University of 
California, Berkeley. His hope is that par- 
ticipation and funding by U.S. and other 
non-European groups will enable the Atlas 
team to go straight to the full detector 
design, rather than approach it in stages. 

Della Negra, similarly, hopes that U.S. 
participation will enable the Compact Muon 
Solenoid to use one of the more optimal 
crystal detector designs. A total of 36 U.S. 
groups and 266 U.S.-based individuals have 
signed up to work on the detector, and they 
have submitted a letter of intent to the U.S. 
Department of Energy requesting R&D and 
construction funds. The U.S. teams have 
been given well-defined responsibilities for 
the Compact Muon Solenoid, namely devel- 
opment of the hadron calorimeter, which is 
to be centered at Fermilab, and development 
of the end-cap muon detection systems. 

So far, the Clinton administration has 
emitted mixed signals as to whether it would 
underwrite the participation of U.S.-based 
physicists in the LHC. An advisory commit- 
tee headed by Sidney Drell, deputy director 
of the Stanford Linear Accelerator Center, 
in California, has recommended it do so, and 
that recommendation has been endorsed by 
members of the House of Representatives’ 
science committee. 

But, in addition to the bruised feelings of 
the U.S. physics community, there are con- 
crete competing interests to be taken into 
account. Just closing down the SSC is costing 





$640 million this year and may cost $180 mil- 
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lion more next year. In effect, the canceled 
supercollider still threatens other U.S. pro- 
jects in particle physics, and U.S. funding for 
Europe’s scheduled supercollider might 
threaten them still more. 


Exciting times in physics 


The design and construction of the LHC 
and its planned search for the Higgs boson 
are among the most vital and fascinating 
endeavors in particle physics. But these are 
interesting times in high-energy physics, for 
a number of other projects of fundamental 
importance are also planned or under way. 

In the next few years, Fermilab’s Teva- 
tron is to have its two detectors upgraded 
for another decade of operation. Last spring, 
one of the Tevatron collaborations cautiously 
published what it called “evidence for the top 
quark,” the sixth and presumably final quark. 
If the evidence holds, as is generally expect- 
ed, this will be the lab’s second major find— 
the first having been the discovery of the 
upsilon pi-meson by a team led by Lederman 
in 1977. This discovery, together with that of 
the tau particle by Martin Perl at the 
Stanford Linear Accelerator Center two 
years before, firmly established a third cate- 
gory of quark-lepton pairs. 

Since the early 1970s it has been appar- 
ent that quarks and leptons exist in pairs, 
and that each quark pair corresponds to a 
lepton pair. The second of these quark-lep- 
ton pairs or families, and indeed the exis- 
tence of quarks, had been firmly established 
by the discovery of the J/psi particle simul- 
taneously by Burton Richter at the Stanford 
center and Sam Ting at Brookhaven in 
1974. Quarks, it turns out, come in six dif- 
ferent types, known as “flavors,” with 
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names like bottom, strange, and charm. 
Thus the upsilon particle consists of a bot- 
tom quark and its antiparticle, and the J/psi 
of a charm and an anticharm quark. 

Brookhaven’s main project today is the 
Relativistic Heavy Ion Collider, built in the 
Isabelle tunnel to create and study the 
quark-gluon plasma—a condition expected 
to arise at about 10” K. Such plasmas are a 
key to elucidating the complex interactions 
of quarks and gluons, and are created by 
slamming together heavy ions, such as those 
of uranium, in accelerators. Similar experi- 
ments are under way at CERN on the Super 
Proton Synchrotron, and the LHC will dou- 
ble as a heavy-ion collider with a quark- 
gluon experiment called Alice. 

The major current project at the 
Stanford center is the Stanford Linear 
Collider, an electron collider that came on 
the air just after the first stage of LEP at 
CERN. LEP I, as this stage is known, has 
been a much more fertile producer of Z 
particles since it yielded its first in August 
1989, and will be more fertile still after it is 
upgraded (to LEP II) with more than twice 
the energy—96 GeV from 45.5 GeV. 

But the Stanford collider turns out to be 
much better fixed to do a kind of beam 
polarization experiment, permitting it to do 
superior estimates of the so-called 
Weinberg angle, named after the University 
of Texas’ Steven Weinberg. This parame- 
ter, also known as the coupling constant, is 
a numerical prediction about the relative 
strengths of the strong and electroweak 
forces at the energy levels attainable in cur- 
rent experiments—and a cornerstone of 
the standard model. While LEP has been 
yielding Weinberg angle measurements, the 
Stanford collider’s data generally are held 





more reliable, and for the time being CERN 
is planning to leave the field to Stanford. 

The Stanford Linear Accelerator Center 
and the KEK laboratory in Japan are both 
planning machines to produce copious 
numbers of B mesons. These so-called B 
factories should shed light on charge and 
parity violation—symmetries of mirror 
imagery and charge reversal—which may 
account for the dominance of matter over 
antimatter in the known universe. 

The discovery of parity violation in the 
late ‘50s and its theoretical elucidation by 
Chinese-Americans T. D. Lee and C. N. 
(Frank) Yang, followed by the discovery of 
combined charge and parity violation in the 
early ‘60s by Val Fitch and James Cronin, 
created conundrums in existing particle the- 
ory. The findings paved the way for develop- 
ment of the standard model, based on funda- 
mental symmetries or conservation laws. 
EYE OF THE BEHOLDER. One notoriously unsat- 
isfactory aspect of the standard model is the 
arbitrariness of the masses the various par- 
ticles prove to have. Another is that several 
key parameters have to be determined em- 
pirically. Since the parameters do not follow 
ineluctably from the theory itself, the theory 
lacks an aesthetic quality that Weinberg 
somewhat curiously names “rigidity’—not 
normally considered an attribute of beauty. 

In a footnote to his recent book, Dreams 
of a Final Theory, Weinberg himself 
claims that the first Weinberg angle mea- 
surements from CERN constituted the first 
material evidence for supersymmetry, a 
theoretical construction outside the stan- 
dard model. But Lorenzo Foa, CERN 
research director, disagrees with this inter- 
pretation. In an interview, Foa said that so 
far LEP has only produced results that are 
fully consistent with the standard model. 

Foa did say, however, that CERN’s 
Weinberg angle measurements implied a 
top quark of 177 GeV, which strongly sup- 
ported Fermilab’s hunch that it has indeed 
found the top at about 175 GeV. But “to 
believe that, you have to believe the stan- 
dard model,” said Bill Carithers, 
spokesman for the Collider Detector col- 
laboration at Fermilab that found the evi- 
dence. He evidently values the empirical 
data above the speculative argument. 

To speculate further, the latest top 
quark and Weinberg angle measurements 
suggest to some that the Higgs might turn 
out to be relatively light and might even be 
found by LEP II. But Foa said that even so, 
the LHC would still be needed to tell 
whether the find was the Higgs or one of 
the several Higgs bosons called for by 
supersymmetry. 

END OF PHYSICS? Perhaps the most dis- 
concerting aspect of the current scene in 
elementary particle physics is the growing 
feeling that no matter how big one manages 
to build, it will still be impossible to get into 
the range where a grand theory uniting the 
electroweak and strong forces could be defin- 
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The existence of the elusive top quark is fundamental to current physical models. Happily, recent experimental results from the Collider 
Detector at Fermilab, one of two Tevatron detectors, strongly suggest it has been found. These plots of data, which show how particles are 
bent in the detector’s magnetic field, providing the raw data for mass estimates, are from the tracking and muon chambers of the collider. 
They show the results of proton-antiproton collisions at a combined energy of nearly 2 trillion electron volts. Any experiment confirming the 
top quark’s existence starts with the creation of both top and anti-top quarks, each of which would have a W boson as a decay product. Each 
W, in turn, most probably would decay into an electron and muon (the type of event shown at left) or a lepton and a quark jet (at right). 


itively confirmed and detailed. Because of 
basic physics constraints, CERN’s LEP is the 
largest circular electron-positron collider that 
will ever be built, and while one more huge 
linear collider may be constructed early in 
the next century as an international project, it 
will almost certainly be the last of its kind. 

The SSC would have been, essentially, 
the largest proton-proton collider that 
could be built, and even it would not have 
resolved all the questions that already 
have appeared on the horizon of particle 
theory. Thus, for example, a Higgs-like 
particle to play the symmetry-breaking 
role in a unification of the electroweak and 
strong forces would be beyond the reach 
of any imaginable accelerator. 

“The inexorable progress of physics from 
the world we can see and touch into a world 
made accessible only by large and expen- 
sive experimental equipment, and on into a 
world illumined by the intellect alone, is a 
genuine cause for alarm,” wrote physics 
journalist David Lindley in his The End of 
Physics. “What is the use of a theory that 
looks attractive but contains no additional 
powers of prediction and makes no state- 
ments that can be tested? Does physics 
then become a branch of aesthetics?” 

And if it necessarily does, one might 
add, who will be the arbiter of taste? Will it 
be someone like the erudite and meticu- 
lous Weinberg, or an earthy, shoot-from- 
the-hip Lederman? 

One of the more eccentric non-standard 
theories hypothesizes that quarks might 
themselves be made up of other particles. 





The possibility is being investigated by a 
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unique machine, a proton-electron collider, 
at the HERA laboratory in Hamburg. 
Admittedly, it is unlikely that HERA will find 
evidence for the “leptoquarks” postulated as 
the ingredients of quarks, and for associated 
force-mediating X and Y particles. But 
should it succeed, CERN would be in a posi- 
tion to use the LHC in conjunction with 
LEP—which LHC will sit on top of—as a 
similar but larger proton-electron collider. 

Evidence for leptoquarks would, of 
course, be sensational—and a thrilling win 
on a long-shot bet. Foa said CERN would 
pull out all the stops with the LHC to fol- 
low up on such a discovery. 

By the same token, Foa said, if the dis- 
crepancies between the Stanford collider 
and LEP measurements for the Weinberg 
angle should increase rather than diminish, 
then CERN would consider delaying LEP II 
and rebuilding LEP I to do beam polariza- 
tion experiments like the Stanford center’s. 

Europe’s long-term strategy of concen- 
trating resources at a single major labora- 
tory is evidently paying off. CERN now 
presides over the world’s largest and most 
diverse set of accelerators, which it could 
reconfigure to take advantage of whatever 
exciting things are in store. Because of 
this flexibility and because of Europe’s 
careful consultative decision-making, 
which résults in treaty-like agreements in 
big science, it is overwhelmingly likely that 
the LHC will be completed as planned. 

The icing on the cake, assuredly, would 
be evidence from the LHC of a new 
physics beyond the standard mode, point- 
ing the way to some grand unified theory. 





But it will be quite enough if the machine | 
proves that the standard model accounts | 
satisfactorily for mass and thereby eluci- | 
dates what has been, since Newton, one of | 
the most fundamental and yet mysterious | 
and elusive concepts in physics. 
TO PROBE FURTHER. Europe’s Large Hadron | 
Collider is described in detail in “The Next | 
Step,” a booklet published by CERN, | 
November 1993; it can be obtained from the 
Communication and Public Education | 
Group, CERN, 1211 Geneva 23, Switzerland. 
For a description of the Stanford and 
CERN electron-positron colliders, see John | 
R. Rees, “The Stanford Linear Collider,” | 
Scientific American, October 1989, pp. 58-65 | 
and Bertram M. Schwarzschild, “LEP, the | 
World’s Biggest Accelerator, is on the Air,” | 
Physics Today, October 1989, pp. 17-20. For | 
Fermilab’s proton-antiproton accelerator, | 
see Leon M. Lederman, “The Tevatron,” | 
Scientific American, March 1991, pp. 48-55. 
Three recent books deal with the quest 
for an ultimate “theory of everything”: Leon 
Lederman (with Dick Teresi), The God 
Particle (Houghton-Mifflin, 1993); Steven 
Weinberg, Dreams of a Final Theory 
(Random House, 1993); and David Lindley, 
The End of Physics (Basic Books, 1993). 
Some noteworthy magazine articles on 
future directions in particle physics include: 
Frank Wilczek, “10!2 Degrees in the Shade,” 
The Sciences, January-February 1994, pp. 
22-30; “Le LHC et I’Avenir de la Physique 
des Particules,” La Recherche, September 
1993, pp. 1018-1020; and Roger Cashmore 
and Christine Sutton, “The Origin of Mass,” | 
New Scientist, April 1992, pp. 35-39. eo | 
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Defense acquisition: 
srab the ax 


The Department of Defenses 
acquisition system ts ‘broke’ 
and fixing it requires the 
involvement of all concerned 


| 


he acquisition system used 
by the U.S. Department of 
Defense (DOD) is in bad 
shape. Consider the follow- 
ing true stories: 

¢ One company’s response 
to a Request For Proposal 
(RFP) on a modest develop- 
ment program was literally too heavy—the 
number of copies required weighed 1800 
kg—for the corporate jet to handle; instead, 
| a Boeing 737 had to be leased at a cost of US 
$25 000 to fly the material hundreds of kilo- 
| meters to the program office. Only some 10 
percent of the pages dealt with the hard- 
ware and software required to meet the 
program’s performance specifications and 
with manufacturing the item. About 90 per- 
cent covered the “ilities”—reliability, main- 
tainability, and so forth—and the required 
cost data. 

e At the first review of a small engineering 
development program, Government repre- 
sentatives outnumbered contractor per- 
sonnel by 20 percent. Only a few of the Gov- 
ernment people could deal with the technical 
issues. Most were “ilities” types who wanted 
to discuss such matters as the logistics sup- 
| port plan for a training device that had yet to 
be defined. 

e Over a five-year period, the workload of a 
certain company declined by 50 percent. 
During that time, the number of cars in the 
employees’ and visitors’ parking lots also de- 
clined by 50 percent. But the Government 
parking lot remained full. 

e The program manager of a high-risk de- 
velopment program once announced with 
pride that 1000 people were working on his 
COEA (cost and operational effectiveness 
analysis), which, when completed, would 
have as many pages as five Manhattan 
telephone directories. This program was 
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subsequently canceled because both of its 
challenging new features turned out to be 
problematical. 

e The U.S. Secretary of Defense visited a 
major aircraft engine manufacturer whose 
workload was half defense and half com- 
mercial. He found 400 Department of De- 
fense inspectors, but no inspectors for the 
commercial engine work. 

e Several teams working for major con- 
tractors spent three years preparing to bid 
on a large DOD project. One hour before 
the deadline for the huge proposals, the 
Government informed the contractors that 
it had no further interest in the project, and 
refused to look at the materials they had 
prepared. 

FOWLER’S APHORISM. I could present another 
30 such anecdotes, and anyone with expe- 
rience in defense acquisition could add 20 
vignettes. What I call Fowler’s aphorism 
holds that 30 consistent anecdotes plus 20 
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vignettes equal one hard fact. And that hard 
fact is this: the DOD acquisition system is 
“broke.” 

The good news is that no pair of 
Government servants is more aware of the 
problems or more competent to fix them 
than U.S. Secretary of Defense William J. 
Perry and Deputy Secretary of Defense 
John Deutch. For years now, they have 
both been expressing their concerns and 
calling for action. In office, they have as- 
signed the highest priority to the task of 
reform, launching large-scale efforts to 
promote a more rational approach to de- 
velopment; to eliminate superfluous regu- 
lations, specifications, and documentation; 
and to work with Congress for legislative 
relief. Such reforms will ultimately benefit 
everyone from taxpayers to foot soldiers. 

The not-so-good news is that a transfor- 
mation of this magnitude, especially in the 
Federal government, cannot be accomplished 
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solely from the top. Many entrenched bureau- 
cracies depend for their very existence upon 
the failure of reform. Active, substantial 
support from the military services, DOD 
agencies, the Congress, contractors, the mass 
media, and the public will be needed. 

The primary purpose of this article is to 
promote such grass roots support for acqui- 
sition reform by reminding those in “the 
system” and informing those not in “the 
system” of the seriousness of the problem. 
Some suggestions for DOD actions are also 
included. 

WHAT’S WRONG? The problem starts with 
a so-called “requirements” process that 
ignores cost constraints and pro- 
motes overspecification and an 
overly rigid approach to devel- 
opment. Then there is a bloated and 
grossly inefficient procurement 
system whose bureaucracy has 
grown steadily over the past 
several decades (as it has in most 
Government departments, ac- 
cording to Vice President Al Gore). 

How did this state of affairs 
arise? Basically because each 
defense acquisition problem that has 
cropped up over the years has in 
effect inspired the DOD or the 
Congress to add yet another obstacle, 
another set of unneeded peripheral 
tasks, or another layer of checks, 
meetings, and reports. 

In the long run, each intended im- 
provement has only made _ things 
worse. Many of us “helped.” Whoever 
said “today’s problems were yester- 
day’s solutions” had it right. 
| For example, when some of us con- 

tractors delivered equipment before 
all the bugs had been eliminated, the 
DOD rightly demanded greater relia- 
| bility, and the Reliability/Maintainabil- 
| ity/Availability cult was born. When it 
| became clear that contractors often 
| had little incentive to save on costs, the 
Value Engineering cult was born. 
When certain systems were fielded 
without adequate testing, more thorough 
and objective tests were properly de- 
manded; the result, in the fullness of time, 
was the Operational Test and Evaluation 
swamp. And so it has gone with Safety 
Engineering, Life Cycle Costs, Integrated 
Logistics, and so on. 

Americans are like that. Whenever an 
opportunity presents itself, they develop 
programs and form organizations. With 
time, the original purpose dims, and the ac- 
tivity becomes an end unto itself. Most of 
these programs and organizations do some 
useful and even important work. But the 
cost of doing business in this way has 
become too high. 
| And then there are cost data required 

by the DOD. Formerly sensible require- 
| ments for detailed cost estimates for de- 
velopment and production have run riot, 
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to such an extent that bidders must now 
break them down in excruciatingly fine 
detail, even when a design is far from 
clear. These meaningless numbers, re- 
quiring large staffs to generate, must next 
be “validated” by some officer of the 
bidder, who anoints them as “truthful.” 

Then they are pored over, and chal- 
lenged, by a horde of DOD auditors looking 
for inconsistencies. After all this, and some 
“normalization” of competing bids, each 
bidder is asked to submit a Best And Final 
Offer (BAFO). 

In an article 15 years ago, I wrote of the 
BAFO process: “Now comes the time when 
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grown men gather in a room and spend their 
time, not trying to decide on what the cost 
would really be, but trying to guess what 
the grown men in the other rooms are 
going to do.” 

Sometimes an ambitious program mana- 
ger or contracting officer will decide to go 
through the BAFO process more than once, 
ending up with a request for a Best and 
Really Final Offer (BARFO)). After all these 
shenanigans, the bidder’s officer must again 
certify the truthfulness of the numbers. 
PROLIFERATION. As the cults and their re- 
quirements—meetings, reports, data, more 
data, more meetings, more reports—have 
proliferated, so have the numbers of De- 
fense Plant Representative Office folks, 
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known affectionately as DPROs: inspectors, 
auditors, security people, and the like. In 
fact, the expenses associated with these 
efforts exceed even those generated by the 
“jlities.” 

The Defense Science Board’s Task Force 
on Defense Acquisition Reform, under Bob 
Hermann, senior vice president for science 
and technology at United Technologies 
Corp., Hartford, Conn., has noted that es- 
timates of the number of DOD people la- 
boring in the DOD acquisition system range 
from 100 000 to 500 000. With salary and 
benefits worth about $100 000 each, these 
men and women cost U.S. taxpayers some 
$10 billion to $50 billion a year. 

The task force concluded that in 
addition to cutting the bill for DOD 
personnel by $4 billion a year, it | 
would be possible to achieve “sig- 
nificant dollar savings from similar 
contractor personnel reductions.” 
(Some believe the savings could be 
much greater.) 

And this does not count the per- 
sonnel at Federally funded re- 
search and development centers 
and at professional service com- 
panies. They, in fact, carry out 
most of the work for the DOD Sys- 
tem Program Offices (SPOs), be- 
cause the 100-plus people in each | 
SPO are largely occupied with | 
giving briefings and responding to | 
other requests, especially from | 
Congress. 

AUDITS AND INQUIRIES GALORE. Ac- 
cording to former U.S. Secretary 
of Defense Dick Cheney, “Every 
working day entails on average 
almost three General Accounting 
Office [GAO] audits of DOD; an 
estimated 450 written inquiries 
and over 2500 telephone inquiries 
from Capitol Hill; and nearly 
three separate reports to Con- 
gress, each averaging over 1000 
manhours in preparation and ap- 
proximately $50 000 in cost. In 
addition, senior DOD officials 
spend upwards of 40 hours pre- 
paring for the six appearances as 
witnesses and the 14 hours of testimony 
that they provide on average for each day 
Congress is in session.” 

Note that “Congress” usually means | 
people on its staff—26 000 strong—who | 
generate almost all requests for infor- 
mation; members of Congress have little 
knowledge or interest in them. 

Some years ago Bob Everett, then pre- 
sident of Mitre Corp., Bedford, Mass., found 
a chart plotting the cost per pound of a 
number of missile types against their | 
annual production rates. A curve had been | 
fitted to the data. With his usual insight | 
Everett noted that if you multiplied the cost 
per pound (the ordinate value) by the quan- 
tity being procured (the abscissa value), the 
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| result was almost constant over the range 
of quantities normally purchased. To exag- 
gerate only a bit, according to this curve, 
“The XYZ missile program will cost $100 
million this year; we can have 10 missiles at 
$10 million each or 50 missiles at $2 
million, or 100 missiles at $1 million each.” 

In other words, given the rates at which 
the DOD buys missiles, and almost every- 
thing else, procurement costs are com- 
pletely dominated by overhead. In a March 
1981 letter to Norman R. Augustine, chair- 
man and chief executive officer of Martin 
Marietta Corp., Bethesda, Md., and then 
chairman of the Defense Science Board, 
Mitre’s Everett and I suggested that only 
about 10 percent of the acquisition budget is 
spent on the “touch labor” involved in 
building systems and components. High 
overhead was bad enough 
when budgets also were 
high and items were pur- 
chased in at least modest 
quantities. With today’s and 
tomorrow’s reduced bud- 
gets, the system is lethal. 

All military leaders spend 
time worrying about the 
“tooth-to-tail” ratio, or how 
much of the force at their 
disposal is the fighting com- 
ponent compared with the 
| support component. Several 
| years ago I fretted that if the 
DOD and Congress didn’t handle 
budget cuts by “having at” the over- 
head, we would be worrying about 
the “gums-to-tail” ratio. Since 
nothing happened, I am now 
worried that the “tooth- 
plus-tail-to-overhead” ratio 
will go to epsilon in the fore- 
seeable future. 

To become competitive, much of U.S. in- 

dustry has been forced to tighten its belt, to 
eliminate marginally useful operations and 
functions, and to cut overhead. Until quite 
recently, however, nothing of the sort hap- 
pened at the DOD. Now, budget reductions 
are beginning to force a change. Every 
knowedgeable person knows that the system 
must be transformed. The challenge is how 
to do it. 
GOING HOME. To start with, we must return 
to a system in which development is carried 
out in a reasonably informal manner, 
without the big SPOs and the auditors, in- 
spectors, and peripheral “ilities” items. It 
must again be possible to try out small num- 
bers of brassboards and prototypes, op- 
erated by the people who would really use 
them. 

In fact, that more practical system was 
never completely abandoned: the United 
States has used it extensively in every war 
it has fought in modern times, including, as 
few may be aware, Operation Desert Storm. 
Nor has this approach lacked advocates: the 
Defense Science Board (DSB), using the 
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term “fieldable brassboards/prototypes,” ad- 
vocated its use in a 1990 Summer Study. 

Both “brassboards” and “prototypes” 
were included to indicate the wide spread in 
formality and maturity of the devices that 
might be tested in this way. The idea is to 
learn quickly if a new device is useful with 
or without modification, or not at all—and 
to give users a chance of participating in the 
development of the device and of devising 
new tactics made possible by it. 
NO TANKS, PLEASE. This simple, practical ap- 
proach is the right way to establish re- 
quirements for new systems. Today’s re- 
quirements process assumes that we know 
in great detail what is needed from a device. 
But real requirements have always followed 
technical advances. 

My first boss, the late Luis Alvarez 









(Nobel laureate and inventor extraor- 
dinaire) liked to point out that there was no 
military requirement for an atomic bomb. 
Hanson Baldwin, the military specialist of 
The New York Times, wrote some years 
ago that the “machine gun and the tank 
would still remain blueprint dreams if their 
development had awaited the specification 
of clear-cut military requirements.” 

In a discussion a few years ago, a young 
US. Army officer said, with a twinkle in his 
eye, “It is true that the Army wasn’t in- 
terested in the battle tank [as World War I 
began]. However, we salivated at the very 
thought of a high-tech stallion!” 

The fieldable brassboard/prototype ap- 
proach is also the best way of reacting to 
new threats and opportunities. It has a fur- 
ther advantage: if a crisis arises, equipment 
can be pressed into combat use. Often, small 
quantities of a really new device can have a 
big impact. The dropping of the atomic 
bomb at the end of World War II is the 
prime illustration of the potentially vast 
impact of “brassboards” fielded in small 
quantities. 








Most of the air-defense radar systems the 
British used during World War II were 
“brassboardy.” In the Gulf War, two pro- 
totype JStars (Joint Surveillance and Target 
Acquisition Radar System) aircraft, with a 
number of ground stations rushed to the 
theater of war, made it possible to display 
enemy movements over a wide area. 

During the same conflict, the GBU-28 
bunker-busting munition was developed, de- 
ployed, and successfully used. Some 30 
were built: two for test and 28 for theater 
use. Under normal procedures, 28 would 
have been allocated for test and, maybe, two 
for the user. 

Many other fieldable brassboard/proto- 
types were made use of during the Gulf 
struggle—everything from computer- 
based planning systems to missile “fixes,” 
special jammers, and identify-friend-or-foe 

appliqués. The whole communications, 

command, and control (C*) and in- 
telligence distribution system 
was improvised for the oc- 
casion. More than 4000 con- 
tractor personnel and many 
Government lab people 
were rushed to the Persian 
Gulf area, and many more 
remained in the United 
States devising hardware 
and software fixes and im- 
provements not only for 
new systems, but for old 
ones, as well. 

The same kind of tech- 

nical support materialized 
during World War II, Korea, 
and Vietnam. This coupling 
of the technical community 
and the users is extremely 
important in developing 
weaponry for a modern 
force, especially with the continual intro- 
duction of new capabilities, which open up 
the possibility of new tactics. As we have 
seen, the United States, to its great benefit, 
has always managed to arrange for such co- 
operation during wars and crises; some way 
should be found of arranging for it in 
peacetime, too. 
BRASSBOARDS ON TARGET. My first recom- 
mendation is that the DOD institutionalize 
the fieldable brassboard/prototype ap- 
proach as the standard for most devel- 
opment projects. Some areas should be 
permanently assigned to this approach, for 
example, air/ground battle management 
systems, and most C? systems, systems 
unique to a region, and systems whose 
utility is likely to be ephemeral, such as ar- 
tillery fuse jammers. 

This approach to R&D makes sense 
under any circumstances. But with today’s 
greatly reduced budgets, it is essential. 

Larry Lynn, deputy under secretary for 
advanced technology, has initiated this ap- 
proach with his Advanced Technology 
Concepts Demonstrations, a thrust that 
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should be supported and expanded by the 
armed services and the Congress. 

My second recommendation is that the 
DOD institutionalize close interaction be- 
tween the technical and operational com- 
munities. Such interaction will come about 
naturally if the fieldable brassboard/proto- 


ripheral and support groups will be the last 
to thin out. For example, a March 2 
Washington Times story on defense cuts 
said “the vast majority of local Defense 
Department purchases—63.7 percent— 
are for goods and services that are used 
for headquarters operations and are not 


ments, and their specifications—be re- 
moved from DOD RFPs. The SPOs shoulc 
be given three months to negotiate this stuff 
out of ongoing contracts. The groups that 
write such specs must be abolished, too. 


Back in 1970, the then-Deputy Secretary | 
of Defense David Packard pointed out that | 


type approach prevails, but must 
be expanded to include a tech- 
nical cadre at each major military 
command. 

NOT GOOD FOR EVERYTHING. The 
fieldable brassboard/prototype 
approach doesn’t work for every- 
thing. Some brassboards and 
prototypes will be needed in 
quantity and must therefore be 
built through a more formal ac- 
quisition process. As a result, that 
process will also have to be re- 
structured drastically to make it 
more efficient and responsive. 

For this reason, a “commer- 
cial” model of acquisitions has 
been adopted by Deutch and 
Perry, with the able assistance 
of Noel Longuemare, principal 
deputy under secretary for ac- 
quisition and technology, and by 
Colleen Preston, deputy under 
secretary for acquisition reform. 
By stripping away the accumu- 
lated claptrap, the commercial 
model should achieve the de- 
sired efficiencies. 

To date, these efforts have 
focused on describing the new 
approach, determining what new 
laws and regulations might be 
needed, and working with Con- 
gress and others to effect these 
changes. The DSB Acquisition 
Reform Task Force has com- 
pleted the first phase of its 
effort and is now working to de- 
fine the steps that will be needed 
for implementation. Since the 
transformation will take a good 
deal of time, a parallel effort is 
under way to make early changes 
to the present system. 

These interim improvements 
are important. Past experience 
tells us that they will not come 
easily, for the system has an un- 
broken record of success in re- 
sisting and outlasting attempts 


cycle.” 





The assault is on 


What may prove to be the most successful assault ever on the 


overblown military procurement system and its entrenched bu- 
reaucracies was launched three months ago by Secretary of 
Defense William J. Perry. His aim: to meet U.S. defense needs at 
alowercost. 

On June 29, Perry directed the U.S. armed forces to acquire as 
many systems and components as possible from the commercial 
market and to use “performance and commercial speci fications and 
standards in lieu of military specifications and standards.” 

Military specs and standards will be authorized only “as a last 
resort” after special waivers have been approved. His emphasis is 


on product (performance) versus process (how to achieve it). 


‘The kind of performance spec Perry wants might, for example, 
require an aircraft to fly at Mach 2.1 instead of describing the way 
itis to be designed and built. Perry also directed the under sec- 
retary of defense for acquisition and technology to change within 
60 days the language of defense-acquisition regulations so that it 
encourages contractors “to propose non-Government standards 
and industry-wide practices that meet the intent’ of military specs 
and standards. For new contracts valued at US $100 000 or more, 
and for old contracts of $500 000 or more that are still far from 
completion, these revisions were to become effective 120 days 
after the directive was issued. 

According to Perry, the specs and standards listed in Defense 


Department Instruction 5000.2—the official guide for developing 


new ‘systems—are no longer mandatory for program managers. 
Likewise, management and manufacturing specs and standards are 


tot be “for guidance only.” In fact, the under secretary of defense was 
told to “develop a plan for canceling these specifications and 
~ standards’—or, as a last resort only, “justifying their retention.” 


Perry also directed the secretaries of the armed forces and the 
directors of defense agencies to begin similar efforts of their 


~ own—many had already done so—and to write specs stating the 
_Tesults desired rather than the means of achieving them. In ad- 
- dition, Perry encouraged the DOD to join with industry associ- 
ations to develop replacements for military standards. 


He also called for “cultural changes” in the way program 


managers and acquisition decision makers go about performing 

‘their jobs. For example, he asked them, “at all levels,” to challenge 
_ the requirements for systems, because the problem “of unique 
_ military systems does not begin with standards. The problem is 


rooted in the requirements-determination phase of the acquisition 
Alfred Rosenblatt, Managing Editor 











if you didn’t abolish the writers, 
the specs would quickly return in 


another form. Packard went on to | 


draft a sweeping order eliminating 
many “ilities” specs and abolishing 
the groups that wrote them. He 
sent a draft to the military services 
for comment. 

The services asked him not to 
sign it because it would create 
chaos for existing contracts. They 
did, however, assure him that they 
understood what he was trying to 
achieve, that they agreed with his 
goals, and that future contracts 
would reflect his views. 

Packard reluctantly—and, with 
hindsight, unwisely—agreed to 
these requests. Meanwhile, the 


services marched on down the | 
primrose path. Thus ended the | 
only real assault to date on the | 


continuing growth of the peri- 
pherals. 
PAIN AND SUFFERING. Eliminating 


the peripheral items will cause a | 


lot of pain and create temporary 
confusion in a number of con- 
tracts. But smart Government 
and contractor people will figure 
out how to incorporate the truly 
necessary parts of the current 
system and to keep the really key 
people. The savings will be more 
than adequate to cover some in- 
efficiencies produced by the 
period of confusion. 

Also, DOD should rely much 
more on their contractors for 
maintenance, training, and logis- 
tics support. This approach could 
result in significant cost savings, 
as well as help preserve the de- 
fense industrial base. 











In any case, firm and rapid ac- | 


tion is the only way to escape our 
current predicament. As with 
smoking, the only sure way to stop 
is to go cold turkey. This leads to 
the fifth recommendation: reduce 


at change, and its capacity for resistance is 
still strong. Negotiation has never worked. 
Arbitrary, dictatorial actions are necessary 
because the specifications, rules, and pro- 
cedures surrounding each peripheral area 
are so complex that the people who have 
the authority and desire to take action do 
not have the time to understand them in 
sufficient detail to downsize them. Thus, 
there comes a time when the only practical 
approach is to take the meat ax and swing. 

If such bold moves are not made, the pe- 
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highly vulnerable to cutbacks.” 

So my third recommendation is to out- 
law BAFO. To steal a phrase from Mitre’s 
Everett, the Government should “shoot or 
otherwise dispose of” any program mana- 
ger or contracting officer calling for a 
BAFO. Anyone calling for a BARFO should 
be caned on national television and then 
executed. 

The fourth recommendation is that the 
peripheral items—the “ilities,” the detailed 
cost data, the extensive oversight require- 


| the size of the SPOs and their-support con- 
tractors could be cut by a factor of at least 
five, since most of these folks deal with the 
peripherals. 
Remember that the defense acquisition 
system has been structured to achieve the 
impossible: the elimination of risk. Layers 


of procedures must be followed, checked | 


by other groups, then rechecked by still 
others. In most cases, the SPO director 
lacks control over what happens but 
avoids criticism by following all the rules. 
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By distributing authority over many groups, 
responsibility is also diffused. 

Further, the elaborate nature of the cur- 
rent process almost ensures that SPO di- 
rectors will have gone on to other jobs be- 
fore real problems created on their watch 
show up. 

And who can blame the SPOs for being 

cautious when the DOD’s inspector general, 
the GAO, the mass media, and losing con- 
tractors are all waiting in the wings to criti- 
cize or even to prosecute? 
RELIABILITY TO ORDER. Everyone is rightly 
concerned about unreliable equipment. It is 
important to address this issue in some de- 
| tail, for the armed forces must certainly 
have reliable equipment. 

To start with, there is little if any corre- 
lation between the “calculated reliability” of 
| any given piece of hardware and its failures 
in operation. 

Some years ago, John Allen, then a de- 
partment head at the Massachusetts Insti- 
tute of Technology’s Lincoln Laboratories, 
Bedford, Mass., noted that from 1959 to 
1970 the mean time between failure (MTBF) 
specified for a series of 10 tactical airborne 
radar systems increased steadily from 10 
| hours to 250 hours. For each system, the 
contractor’s reliability team submitted a de- 
tailed analysis using approved techniques 
and data from the failure-rate handbook. 
Every analysis showed that the design 
would achieve the specified MTBF. 

There were many meetings with the SPO 
reliability teams, and many reports were 
submitted, criticized, and reworked exten- 
sively. But for each new radar, the MTBF 
actually achieved in operation was the 
same—about 5 hours. 

This is a common story. Failure of military 
equipment, at bottom, is not a statistical phe- 
nomenon. It results from design problems— 
marginally stable circuits, uneven cooling 
causing hot spots, high-voltage transients 
that zap tender diodes, immature software, 
and so on—and occasionally from bad parts 
or poor workmanship. I have not seen a 
single case where a failure that occurred in 
a Reliability Test Demonstration was even 
in the reliability calculation. 
| These days, as numerous space systems 

demonstrate, electronic equipment (and 
many other kinds of gear) with stable, solid 
design and good parts and workmanship 
will essentially run forever. Official relia- 
bility activity contributes little to real relia- 
bility. The DOD can and should insist on 
| solid design and on good parts and good 
workmanship without imposing a large 
“ilities” overhead. 
PROBLEMS ELSEWHERE. Why have these pe- 
ripherals grown so without challenge? The 
answer is that the system of checks and 
balances seems not to work in some areas. 

For example, the Environmental Protec- 
tion Agency operates largely unchecked at 
a huge cost to the nation. Science magazine, 
in a series of editorials, has pointed out 
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many cases of extreme overspecification 
and resulting exorbitant costs. For instance, 
the Safe Drinking Water Act (passed in 
1974 and amended most recently in 1986) 
requires cities “to monitor at least 133 
separate pollutants.” One of them is a pes- 
ticide that “was used only on pineapples in 
Hawaii and has been banned for 15 years”; 
another is the “regulation of atrazine in 
drinking water [which] would cost $93 
billion per life prolonged.” 

On a smaller scale, but equally alarming, 
the Connecticut River Atlantic Salmon 
Restoration Project, which cost over $600 
million through 1991, has resulted in the 
return of 2720 adult salmon for an average 
cost per salmon of $220 000. Disregarding 
the sunk costs, the ongoing annual cost per 
salmon [to operate the program] is about 
$75 000 and is not improving. 

Such abuses occur because it is risky, 
almost un-American, to attack anything so 
wholesome as reliability, value engineering, 
cost data, thorough auditing, a clean envi- 
ronment, and the like. Members of Con- 
gress, the GAO, and the DOD inspector 
general know that they could not get the 
right kind of headlines by seeking efficiency 
in these areas. Stories attacking these 
forms of waste have not sold newspapers, 
attracted TV viewers, or won promotions 
or prizes. 

With enough attention and spotlighting, 

though, that might change. Maybe a small 
miracle will take place and the manage- 
ment of the DOD will get some help, and 
not just criticism, from the outside. A 
series in The New York Times or The 
Washington Post, a “60 Minutes” item, a 
long article in The New Yorker, and an ob- 
jective Government Accounting Office re- 
view (now there’s an oxymoron for you!) 
are urgently needed. 
HAPPY DAYS. The DOD used to operate with 
small, compact SPOs capable of taking re- 
sponsibility for their programs. Those days 
can return. The U-2 and SR-71 high-al- 
titude spy aircraft and, more recently, the 
F-117A Stealth aircraft programs showed 
how to do it. The F-117A, for example, had 
a total of six engineers in its SPO, one for 
each discipline. 

Drastic improvements in the acquisition 
system are the DOD’s most important need. 
With them, the United States could have a 
capable high-technology force in spite of the 
reduced budgets available. Without them, an 
ever-increasing part of the budget will be 
spent on “overhead.” 

The job cannot be accomplished solely 
from the top down. Secretaries Perry and 
Deutch, distracted by transient crises, will 
have only limited time to spare for acqui- 
sition reform—even though, in the long 
run, it is the single most important defense 
issue before them. As Leonard Sullivan, a 
former assistant secretary of defense, ob- 
served some years ago, “In the Govern- 
ment, one is so busy working on the 





urgent, there is no time for the important.” 

The military services, the contractors, 

and, with enough pressure, even Congress, 
the media, and the public must support Perry 
and Deutch in their efforts to make defense 
procurement rational. For this is truly, to use 
today’s vernacular, a “killer issue.” 
TO PROBE FURTHER. For an early discussion of 
the Best And Final Offer (BAFO) procedures, 
see “Comments on the cost and performance 
of military systems,” by Charles A. Fowler, 
IEEE Transactions on Aerospace and Elec- 
tronics Systems, January 1979, pp. 2-10. 

The Defense Science Board Task Force 
on Defense Acquisition Reform issued a 
report, “Defense Acquisition Reform,” in 
July 1993. The board also recommended an 
acquisition approach based on fieldable 
brassboards/prototypes in its 1990 Summer 
Study report, “A Research and Develop- 
ment Strategy for the 1990s.” 

Earlier this year, “Blueprint for Change” 
(Order No. ADA 78102), a Department of 
Defense report on procurement practices, 
became available from the National Tech- 
nical Information Service, U.S. Depart- 
ment of Commerce, Sales Department, 
Springfield, VA 22161; 703-487-4650. The 
price is $44.50, plus $4 handling. 

A discussion of the time devoted by the 
DOD on responding to congressional re- 
quests appears in “Defense Management 
Report to the President,” by Dick Cheney, 
then Secretary of Defense, July 1989, p. 27. 
The “commercial” model of acquisitions is 
outlined in Secretary of Defense William J. 
Perry’s paper (February 1994), “Acquisition 
Reform—A Mandate for Change.” 

For a discussion of mean time between 
failure (MTBF) for tactical airborne radar, 
read the “Report to the DDR&E [Depart- 
ment of Defense Research and Engineering] 
on Tactical Radar,” prepared by John Allen et 
al. for the Massachusetts Institute of Tech- 
nology’s Lincoln Laboratory, May 1971. 
Allen’s chart on MTBF is reproduced in 
“Some Radar Design Problems and Consid- 
erations,” by Charles A. Fowler, in the con- 
ference record of the IEEE International 
Radar Conference, April 1975. 

The editorials in Science magazine that cite 
examples of huge costs caused by extreme 
overspecification are in the issues of Nov. 19, 
1993; Feb. 4, 1994; and April 8, 1994. CS 
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A long road 


Optical data storage once 
seemed to be failing, and 
the lessons to be learned 
from its turnaround apply 
lo other high-tech products 


or a high-technology com- 
pany, launching a product is 
one of the most harrowing 
of experiences. The thrill of 
announcing the fulfillment 
of a technical vision is shad- 
owed by the anxiety of a 
gambler after betting large 
sums of money—and the careers of every- 
one involved—on the product’s success. 

The introduction (especially by large 
conservative companies) of any new prod- 
uct is undertaken only if the maker is 
convinced the market needs such an item. 
Yet, even when such a need is rationalized, 
many new high-tech products win through 
at a much slower pace than expected. 

That is what happened in the optical 

drive industry. The high-tech product filled 
a market need, but success came slowly. 
The lessons learned from this struggle may 
help others in developing, launching, and 
marketing other such products. 
FIRST, KNOW THY PRODUCT. An optical disk 
drive can record large amounts of computer- 
generated data on a removable disk (often 
spelled “disc” by the industry in the case of 
optical media). Capacities presently reach 
230 megabytes on a 3.5-inch disk and 2 gi- 
gabytes on a 5.25-inch disk. 

The optical drive is like a magnetic hard 
drive, insofar as it provides fast random ac- 
cess to any of the data recorded on the disk 
and its data rates and access times ap- 
proach those of magnetic drives. Optical 
disks, however, outdo fixed hard disks, 
being removable, inexpensive, robust, and 
easily transportable. 

Tape drives, it is true, are a less costly 
form of removable storage than optical drives 
but, being serial access, cannot match their 
random-access capabilities; nor can tape 
match the robustness of optical media, 
which are unaffected by magnetic fields and 
have a projected archival life of 100 years. 

In optical disk storage, a focused laser 
beam writes bits on a spinning disk either 
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pressed 30-frame-per-second 
video occupies a matter of 
about 30 MB. 





—— Floppy (1.44 MB, 
US $0.63 per disk) 


—— Floptical (21 MB, 
$18 per disk) 


~~ Syquest (270 MB, 
$100 per disk) 
$30 per disk) 


$110 per disk) 





—— 3.5-inch optical (230 MB, 


—— 5.25-inch optical (1300 MB, 


THE RIVALS. Today’s best-selling 
type of removable storage—the 
1.44-MB floppy disk—is clearly 
unequal to these demands. 
Tape is one alternative, but 
retrieving data from the serial- 
access medium is painfully slow. 
Optical disks combine perfor- 
mance and robustness, and 
quickly become cost effective 








when storage needs are large. 





Cost per megabyte, in U.S. dollars (including cost of drive) 
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Total storage used, GB 
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[1] When memory requirements fall below 1 gigabyte, 
their cost per megabyte 1s strongly influenced by the cost 
of the optical or magnetic drive. Above 1 GB, the cost of 
the medium begins to dominate, at which point optical 
storage becomes the more cost-effective technology. 


once and for all or time and again [see “A 
typology of optical storage technologies,” 
p. 62]. 

The tiny diameter of a diffraction-limit- 
ed, focused infrared laser spot permits 
very high recording densities. Currently, 
rewritable optical disk drives use near- 
infrared lasers, with a 780-nm wavelength, 
to store up to 2 GB on each 5.25-inch disk. 

Visible laser beams will do still better. 
With, say, a red beam emitting at 640 nm, 
capacities as high as 3 GB can fit on a single 
5.25-inch disk, while a blue beam (415 nm) 
could pack about 5 GB into the same area. 

An optical drive provides, in a sense, infi- 
nite storage. Extra room is easily acquired by 
adding media cartridges, at not much extra 
cost. Such abilities are welcome in modern 
computer applications. Desktop publishing, 
for one, can require 30 MB or more for stor- 
ing one color photograph, while in computer- 
aided design and manufacturing (CAD/CAM), 
a drawing may need several megabytes. In 
multimedia authoring, too, 1 minute of com- 
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When requirements rise 
above 1 GB (or about five 230- 
MB optical disks), optical stor- 
age for all practical purposes 
costs the least per megabyte of 
any removable-disk drive [Fig. 
1]. Floptical disks—a combina- 
tion of floppy and optical tech- 
nologies—currently have the 
highest cost of storage when 
capacity needs are large. 

By now, the promising mar- 
ket for optical disks has at- 
tracted over 18 manufacturers, 
including IBM, Sony, Panasonic, 
Fujitsu, Toshiba, Ricoh, and 
Hitachi. But for the first five 
years (1987-92), shipments 
were disappointing. According 
to Dataquest Inc., San Jose, 
Calif., approximately 160 000 of the 3.5-inch 
drives and 150 000 of the 5.25-inch type 
were shipped in 1992. So some drive produc- 
ers failed to profit, given the slim margins on 
these products. Only companies with large 
market shares could be profitable. 

FOUR OBSTACLES. There are four possible 
reasons for the shortfalls: unawareness of 
the new technology, improved competitive 
products, lack of industry standards, and 
cost to the user of adopting the technology. 

Lack of consumer awareness has certain- 
ly hampered sales of rewritable optical drives. 
Sometimes their very existence is un- 
known. More often, consumers are aware of 
the drives but know little of their benefits 
and applications. There has been no exten- 
sive marketing campaign, after all, and the 
existence of incompatible optical technolo- 
gies—like compact-disk (CD) ROM, Photo 
CD, and floptical—bewilders consumers. 

Incomprehensibility is a problem for 
new high-tech products, whose benefits 
are apparent only to sophisticated users. So 
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a marketing campaign to educate the cus- 
tomer may be a costly necessity. 

Moving targets are the second obstacle. 
In the early to mid-1980s, the strongest jus- 
tification for developing optical storage 
products was their potential for holding far 
more data than magnetic products. In 
1985, optical media’s areal densities of ap- 
proximately 155 kb/mm? much exceeded 
the 11 kb/mm? or so of magnetic types, as 
did their overall storage capacities. In addi- 
tion, areal densities of magnetic storage 
seemed close.to their technical limits. This 
impression spurred a lot of activity in the 
development and launch of optical drives. 

In reality, though, the areal densities of 
magnetic storage pressed forward, far 
exceeding their imagined limitations [Fig. 
2]. By the early ’90s, the advantage held by 
optical over magnetic storage in areal den- 
sities disappeared, not least because of the 
invention of the magneto-resistive head. 
Since optical densities did not greatly sur- 
pass magnetic, the attempt by makers to 
“sell” them as a replacement for magnetic 
storage proved a strategic error. 

The moving target is a frequent problem 
with high-tech products, since technological 
change is difficult to predict. Often, new ideas 
are taken from the research stage to product 
development because they could oust current 
successful products. After all, the transistor 
replaced the vacuum tube and the audio com- 
pact disk replaced the vinyl record. In swift 
retaliation, the foe ups its performance (or 
lowers its cost) and thus becomes harder to 
replace—the target is a rapidly moving one. 

In high-tech development, it should be de 
rigueur to project the potential performance 
gains of competitive products. Assuming that 
the competition will stay put while the new 
product is moving from R&D to market is 
dangerous. And the time needed to achieve 
even minimum market acceptance can often 
be longer than the development time. 
LACKING STANDARDS. A uniform industry 
standard is the third requirement for the 
trimuph of many products. The floppy disk 
and the compact disk owe a large part of their 
acceptance to a single, industrywide standard. 

In the optical drive industry, on the other 
hand, several disk formats and media types 
were introduced by several companies. This 
incompatibility confused customers and inhib- 
ited growth. A similar situation arose after 
World War II, when the simultaneous intro- 
duction of noninterchangeable 45-rpm and 33 
1/3-rpm phonograph records induced a four- 
year slump in the music record industry. 

Clearly, it is vital for all products to meet 
a single agreed-upon standard. A company’s 
pride in its unique technology must take a 
backseat to the need for interchangeability 
and open systems, or else the entire indus- 
try will be stymied. The optical disk indus- 
try is learning its lesson in this area, and 
has recently made great progress in negoti- 
ating and establishing worldwide standards. 

High initial costs to the customer have 
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greatly inhibited sales of optical drives. Al- 
though their storage costs are very com- 
petitive on a price-per-megabyte basis, con- 
sumers must pay a premium for the drives 
themselves. For example, in 1992, a 3.5-inch 
(128 MB) magneto-optical drive sold for in 
the region of US $1500 to the end user 
while a 5.25-inch (1.3-GB) magneto-optical 
drive sold for about $4000. The cost of a 
magnetic disk drive was less than $200. 
PREMIUM PRICES. Why are hardware prices 
for rewritable optical products so high? For 
that matter, why are their prices so high 
when CD-ROM drives, which are optical, 
too, only cost about $300? 

The key reason is the low volume of re- 
writable opticals. A product with low unit 
sales volume is unable to exploit economies 
of scale in the purchase of components. The 
larger the volume in which a manufacturer 
can buy components and raw materials, the 
lower the cost of each unit. Also, a product 
with low unit sales volume may suffer from a 
high fixed cost per unit. (This cost is calculat- 
ed by dividing the volume of products into the 
total fixed cost, such as the expenses for the 
factory, administrative overhead, and land.) 

Another factor with economic conse- 
quences is that optical products are periph- 
erals, designed to support the primary sys- 
tem (such as a personal computer). Just as 
consequential as the absolute price of the 
unit is its price relative to that of the main 
system. In the last few years, with severe 
downward price pressures, costs for PCs 
and workstations have dropped, causing 
the drives to look expensive. 

Companies planning to launch a new 
technical product might benefit from these 
experiences with optical drives. Since pric- 
ing is a crucial factor in the acceptance of 
any product, the entry cost to the con- 
sumer deserves study before the product is 
launched. It should be as low as possible for 
the value delivered whenever high unit- 
sales volumes are needed for commercial 
success. The recently launched Apple 





Newton’s entry price, for example, was too 
high for the value it delivered, and the 
product has not done well, despite its inno- 
vativeness and potential usefulness. 

Also, if the product is a peripheral unit, 
it is important to consider the price of the 
system with which it is associated and fully 
understand how its pricing may change 
over time. The peripheral may need to 
maintain the same kind of price curve. 

For all four of these reasons, optical 

drive shipments were low through 1992. By 
the following year, the industry had begun 
to understand its problems and respond by 
reducing the entry price (drive prices have 
about halved since then). Efforts also were 
made in opening marketing channels, in- 
creasing customer education and demand 
generation, and looking for applications that 
would appeal to consumers. 
ON THE UP AND UP. With these actions, ship- 
ments of optical drives surged. In fact, this 
year the demand for many types of magneto- 
optical products is exceeding the available 
supply, a sign that the industry may be on the 
knee of the shipment growth curve. Perhaps 
the chief reason for the surge has been the 
recent emphasis on marketing by optical 
drive companies. The focus here has been on 
applications development, because it is so- 
lutions that customers buy, not hardware. 

The applications that stir the most inter- 
est—the “killer” type—are those that could 
send sales of the product rocketing. Two ex- 
amples are the Lotus 1-2-3 spreadsheet, 
which sparked the explosive demand for PCs 
in the office of the early 1980s, and the 
Visicalc spreadsheet program, which had the 
same effect on Apple II sales in the late ’70s. 
Without a killer application, products may 
find success only after a long haul. 

For optical drives, only now do killer ap- 
plications seem to be emerging. One is 
electronic documentation, which addresses 
paper management [see Colin Maunder, 
“Documentation on tap,” JEEE Spectrum, 
September 1994, pp. 52-56]. This applica- 
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[2] In 1980, the areal density of optical storage media seemed to ensure their success over 


magnetic disks. But before the former left the laboratory, the latter had improved greatly. 
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tion, with its huge blocks of data, needs a 
high-capacity, low-cost storage technology, 
ideally with fast random access. Optical disk 
drives, of course, can store numerous docu- 
ment images (text and/or photos), yet they 
provide random access to any stored image. 

Another image-oriented application that 
could become a killer is multimedia—the 
integration of video, audio, and computer 
data. The storage requirements of multi- 
media files are enormous: at 30 frames per 
second, just 1 minute of full-screen video 
(at 640 pixels by 480 and 24-bit color) 
takes up 33 MB with MPEG 1 compres- 
sion [see “Interactive Multimedia,” 
Spectrum, March 1993, pp. 22-39]. 

With the promise of these two applica- 

tions (as well as others coming out), and the 
steps taken to reduce entry prices and 
increase market awareness, the future of 
optical drives is looking much brighter. Still, 
it will take a few more patient years before 
rewritable optical drives gain widespread 
acceptance, and patience in product launch is 
not popular in modern business, which usual- 
ly focuses on short-term returns. An exami- 
nation of hugely successful products, though, 
shows the importance of standing firm. 
NO SUDDEN SUCCESS. New products gen- 
erally fall into three classes: those for which 
commercial success is immediate, those to 
which it comes at a snail’s pace, and those 
that fail. Products in the first category are 
extremely rare, while unfortunately, those 
in the third category are frequent in the 
high-tech industry. 

Most success stories fall into the second 
category, including many “overnight success- 
es” like the facsimile machine. Launched in 
the United States in the mid-’60s, the fax 
was shelved because it was unprofitable. 
When it was relaunched in the late ’70s by 
the Japanese, it was again a money loser 
until it began to take off in the mid- to late 
’80s. Today, no one would question the indis- 
pensability of fax machines. Another exam- 
ple is CD ROM. Six years after the first one 
was shipped, analysts were still calling it a 
dead technology. Only in its eighth year 
(1992) did unit sales take off. In 1993, about 
seven million CD-ROM drives were shipped, 
making it a $2 billion industry. 

In point of fact, most lasting technolo- 
gies have taken many years to establish a 
market. This has been true for products 
now considered obvious winners, such as 
color television sets (whose sales took off 
after five years) or power steering sys- 
tems (which took 10 years to catch on). 
For these products, it took time for mar- 
ket awareness to develop, for unit prices 
to reach an attractive level, and for killer, 
or even strong, applications to be found. 

Sometimes, of course, this never hap- 
pens and the product dies after a few 
struggling years (as did Federal Express’s 
Zapmail). But, if there is a strong, rational 
need for a product (even if nebulous), then 
triumph is eventually possible, even likely, 
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[3] When the same amount of data is written on every track [left], the capacity of the shortest 


track (the one closest to the center) is the limit for all tracks. Grouping tracks into bands and 
optimizing the amount stored on each band’s tracks [right] doubles a disk’s capacity. 


if suitable efforts are made to reduce entry 
cost and create market awareness. 

The difficulty for any engineering group 

lies in convincing executives, accountants, 
and investors (groups not known for their 
patience) to support the product over the 
long term. Japanese companies have had 
the forbearance to stick with such prod- 
ucts (part of their vaunted long-term thin- 
king) and often, as with the fax, have been 
rewarded for doing so. Given the long- 
term potential of optical storage, it is per- 
haps not surprising that Japanese compa- 
nies make up 14 of the 18 manufacturers 
of rewritable optical drives. 
FUTURE STRATEGIES. To keep the market 
growing rapidly, the optical drive industry 
must adopt two kinds of strategies. One is a 
product strategy of steadily adding to drive 
performance and capacity. The other is a 
business strategy that emphasizes reduced 
costs, greater demand, and new applications. 
To prevent technical improvements from in- 
creasing price, the strategies must be inter- 
locked. If all this is done properly, optical 
should remain the fastest-growing segment 
of the storage industry. 

Improving drive capacity unceasingly will 
alone maintain an advantage over alternative 
forms of removable storage. Data-rate in- 
creases will follow naturally (doubling the lin- 
ear density should double the data rate, given 
the same rate of disk revolution). 

In all forms of storage, the hunt for higher 
capacities is unending. Since the market will 
not accept optical disks with larger diame- 
ters, the quest points to higher areal densi- 
ties, which are inversely proportional to the 
square of the diameter of the recorded 
mark. In turn, the mark’s diameter is chiefly 
a function of the diameter of the spot made 
by the laser beam focused on the medium. 
The spot’s diameter is equal to 1.18 times the 
light’s wavelength divided by the numerical 
aperture (NA) of the objective lens used to 





focus it onto the disk. Thus a smaller spot 
size requires either a laser with a lower 
wavelength or a lens with a higher NA. 

LASERS AND LENSES. Current optical products 
use lasers that emit light in the near-infrared 
range (780-830-nm wavelength). The next 
generation of optical drives (1995-96) will use 
visible lasers that emit in the 670-690-nm 
(red) range. Perhaps five years away are 
lasers that emit in the blue region (430 nm). 
Optical drives with such lasers will have twice 
as much storage capacity (about 5 GB ona 
5.25-inch disk) as those with red lasers. 

The use of blue lasers for optical stor- 
age came much closer to actuality in 1990, 
with IBM Corp.’s invention of a high-effi- 
ciency, frequency-doubled solid-state laser 
that could be directly modulated at high 
data rates. In this device, the output of an 
infrared pump laser is fed into a mode- 
matched potassium niobate (KNbO,) cavity 
where frequency doubling and gain can 
occur. And modulating the pump laser also 
modulates the blue output light. 

The fact that the laser could be thus di- 
rectly modulated at the data rates (10-100 
MHz) found in optical storage was a break- 
through in the use of second harmonic 
generation material for lasers. With this 
laser, IBM recently demonstrated magne- 
to-optic recording at a record-breaking lin- 
ear density of 3 kb/mm. 

Other companies besides IBM are invest- 
ing in solid-state blue-green—wavelength 
lasers for optical storage. Recently, Sony 
Corp., Tokyo, demonstrated a green laser 
based on frequency-doubling technology. But 
while this device is extremely compact, it 
cannot be directly modulated (an external 
acoustic-optic cell is used for modulation). 

From the viewpoint of compactness and 
direct modulation capability, the ideal blue 
laser source would be a semiconductor 
diode. In this area, a research group at 3M 
Corp., St. Paul, Minn., has recently demon- 
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[4] Using pulse-position modulation [top row], a drive writes a mark on the medium for each 1 bit and leaves a space for each 0 bit. With 
pulse-width modulation [bottom row], the drive writes a mark when a 1 is sensed and stops when another is sensed, using less track area. 


strated a semiconductor laser made from a 
II-VI material system that could lase in the 
430-nm range. This device, however, can- 
not operate continually (in continuous- 
wave mode) for any length of time unless 
| cooled to cryogenic temperatures. 

At present, commercial optical drives 
use objective lenses with a numerical aper- 
ture of 0.55. Since increasing the NA 
makes things awkward for the focus and 
tracking actuators, lasers with shorter 
wavelengths are preferable. 

Increasing the NA affects a lens’s depth of 
focus even more than the spot size (the depth 
of focus is inversely proportional to NA2). 
Optimizing the depth of focus is important 
because it sets the acceptable degree of tilt of 
the media, as well as the quality required of 
the actuator and servo system (the smaller 
the depth of focus, the better the actuator 
and the servo have to be). 

As servo system and actuator designs are 
refined, the use of objective lenses with NAs 
over 0.55 becomes more feasible. Probably 
the next jump will be to an NA of 0.62, 
which will yield a spot with a 12 percent 
| smaller diameter than would an NA of 0.55. 
BAND WAGONS. Nonetheless, if optical storage 
is to remain competitive with alternative 
forms of storage, other technologies need to 
be implemented in conjunction with, or in- 
dependently of, changes in wavelength and 
NA. Some have already been implemented 
in commercial systems. 

To start with, there is track utilization. In 
the first generation of optical products (that 
is, 650-MB 5.25-inch disks), the amount of 
data on each track was kept constant and 
equal to the linear capacity of the innermost 
track, thus underutilizing the longer outer 
tracks but keeping the number of bits read 
per second constant. When the second gen- 








16). While the linear density for each track in 
a band may be higher or lower depending on 
its position, the overall linear density is the 
same for all bands. Thus, each successive 
outer band stores more than before. 

The electronics required forthe readout 
of a banded disk are more complex than for 
a nonbanded one. The reason is that the 
bands, though having the same linear densi- 
ty, each have a different linear velocity 
(which is a function of the radius and the 
angular velocity) and hence a different data 
rate. In current optical drives, for example, 
the data rate varies from about 1.2 MB/s at 
the inner band to about 2.3 MB/s at the 
outer band. To accommodate this variation, 
the channel must have a variable clock and 
equalizer. 

Moving on to the next point, improved 
modulation technigues can also increase 
storage density, by 50 percent at least. Most 
current optical drives record data using 
pulse-position modulation (PPM), in which a 
mark signifies a binary 1 and its absence sig- 









nifies a binary 0. So with PPM, a 1001 bit 
sequence is a mark-space-space-mark. 

In pulse-width—modulation (PWM) 
recording, the edges of the mark represent 
the 1s so the need for spaces (and the space 
they take up) is reduced. Thus with PWM 
1001 becomes a single mark that takes less 
room than PPM’s marks and spaces [Fig. 4]. 

Multilayer storage is another idea 
whose time may have come. In May of this 
year, IBM demonstrated an optical disk 
containing multiple writable layers [Fig. 5]. 
Because the depth of focus of the objective 
lens is very small, layers can be read sepa- 
rately without cross talk. Moving from one 
layer to another requires only a slight shift 
of the objective lens. 

IBM’s disk has four layers, but in theory 
10 are possible. Multilayer technology 
could expand bit capacity with the least 
technical risk of any approach. Before 
products with multilayer capability are 
introduced, however, industrywide inter- 
change standards need to be in place. 


Protective 
layer 








[5] Multilayer data storage stacks several layers of transparent optical media into a single 
disk. Because laser light can be focused not just on the disk surface but to the right depth 
below it, data can be read from any layer by the disk drive. To date, four-layer disks have been 
demonstrated and could be available next year; 10-layer disks are also theoretically possible. 


eration appeared last year, the primary 
method used to double capacity was banded 
or zoned recording [Fig. 3]. The disk is divid- 
ed into severalf radial bands (presently about 
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Optical superresolution, which exploits 
the diffraction properties of focused beams, 
is being tried out. In this case, if the colli- 
mated beam of light incident on the objec- 
tive lens is in the shape of a ring, the spot 
size of the focused beam will be smaller 
than if no light were blocked. In essence, 
energy has shifted from the central, or 
zero, order to higher-order side lobes. If 
these side lobes are not too big, this is an 
effective way of shrinking spot size. The 
price is loss of the blocked optical power. 

Magnetic superresolution (MSR) is a 
technique recently invented by Sony. While 
the standard magneto-optical disk has one 
magnetic layer, an MSR disk has two— 
memory and readout. When the readout 
layer is heated past a certain threshold, the 
process called magnetic exchange coupling 
copies information into it from the memory 
layer, for use by the readout beam. 

The thinking here is that a focused beam 
has a Gaussian energy profile: the energy 
decreases with increasing radius. Thus, if 
the tip of the beam alone is “hot” enough to 
raise the temperature of the readout layer, 
only a small region will be heated sufficiently 
and the resulting readout mark will be tiny. 

Even the read channel as such has not 
been overlooked. This channel in a data 
storage device is the set of electronics that 
process the detected read-back signals from 
the disk and extract the digital data from the 
(often noisy) analog waveform. Nowadays 
optical drives use an analog channel to do 
this processing, which, however, starts to 
become ineffective above linear densities of 
about 1.2 kb/mm. At high linear densities, an 
intersymbol interference (ISI) smears the 
analog waveform and makes it harder to dis- 
tinguish the separate marks, especially in 
the presence of any noise. 

The answer is a partial-response—maxi- 
mum-likelihood (PRML) channel. This dig- 
ital channel uses an algorithm to sample 
the waveform, filter out noise, and extract 
the digital information. It can therefore 
allow much higher linear densities to be 
implemented than an analog channel. 

The PRML concept has been known for 
some time; such a channel was used by the 
National Aeronautics and Space Adminis- 
tration to communicate with space probes. 
But only recently have the costs of the elec- 
tronics fallen sufficiently for this channel to 
be implemented in affordable optical and 
magnetic drives. 

To list one last embryonic product im- 
provement, most optical disks consist of 
tracks separated by grooves and data is re- 
corded either in the grooves or on the 
tracks (lands). Why not on both? Because 
there is cross talk between data on adja- 
cent lands and grooves. Consequently, sev- 
eral companies have suggested cross talk 
(and noise) cancellation algorithms. Matsu- 
shita Electric Industrial Co., Osaka, Japan, 
for example, recently demonstrated such 
an algorithm and was able to double density. 
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[6] The bit capacity of 5.25-inch optical storage media is ready to rise significantly in the next 
few years. Whether it takes off at the steeper or gentler slope will depend on which of the 
possible technologies for improving capacity [see table below] turn out to be compatible. 


TU 


Technology ith) 


(a) In terms of areal bit density. 


To summarize, not only does each of 
these technologies raise storage capacity 
well above the 650 MB of first-generation, 
5.25-inch optical products [see table], but 
many of them can also be used in combina- 
tion. Therefore, gains in optical storage ca- 
pacity in the near future may be quite sub- 
stantial [Fig. 6]. A range of capacities is 
possible because certain technologies may 
be incompatible. 

In choosing technologies, maintaining 
backward compatibility is important. The 
drive should be able to read and write one 
previous generation of disks and read two 
previous generations. 

TO PROBE FURTHER. To explore concepts of 
new product management, read Design and 
Marketing of New Products by Glen Urban 
and John Hauser (Prentice Hall, Englewood 
Cliffs, N. J., 1993). Inventivity by John Gilman 
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(Van Nostrand Reinhold, New York, 1992) | 
looks at how long adopting new products takes. | 

Optical Recording by Alan Marchant | 
(Addison Wesley, Reading, Mass., 1990), | 
gives an excellent overview of the optical- | 


storage field. The March 1994 issue of Byte 
magazine contains several articles on the 
future and state of the art of magnetic and 
optical storage. 

Finally, almost any elementary book on 
managerial accounting can help in under- 
standing the costs of produced goods. A 
knowledge of accounting can only improve 
an engineer’s corporate effectiveness. 





manager in business and product strategy at IBM 

Corp., Tucson, Ariz. His current research interest is in_| 
developing an effective means of reducing the market | 
acceptance time for high-technology products. 
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PROFESSION/EDUCATION 


Survival of the fittest 


Occupational health is similar to 
physical health—you have to keep 
working at it and looking ahead, 
and not put off responding till 
symptoms of trouble are obvious 


taying in good physical 
shape has a lot in common 
with maintaining technical 
fitness. For one thing, they 
are both a struggle. The 
key to technological fitness 
is having the right skills at 
the right time at the right 
cost—one that is better than your competi- 
tor’s. Nothing can guarantee employment, 
but much as you can improve your muscle 
tone, your heart rate, and your flexibility, 
you can improve your competitive position 
at work. The trick is to think systematically 
about the way you identify and develop the 
technical skills you need. For our purposes, 
abilities, competencies, know-how, exper- 
tise, and proficiencies are the same as skills. 
Our six-step skill-development process, 
based on the analogy between physical and 
technical fitness, will force you to take the 
initiative and work with management to 
align its needs with yours. Although you 
are probably familiar with some of these 
steps, implementing all of them together, 
in a conscious way, will help you avoid the 
haphazardness of the procedures tradition- 
ally used by technical professionals. The 
process consistently focuses on skills, not 
on course titles or technology topics. It 
requires you to think about the benefits of 
each skill you propose to learn and to set 
priorities among those skills. It provides 
for an early management buy-in. It creates 
a formal way of optimizing educational 
methods. Finally, it integrates learning 
with work. If you don’t currently have a 
job, the same six steps can be adapted to 
the task of helping you get one. 
FITNESS CONCEPTS. Physical fitness, or well- 
ness, means maintaining a healthy life style, 
not just responding to symptoms; technical 
fitness means actively keeping the right 
skills up to speed, not just responding to 
deficiencies after they have been noted. 





David B. Youst Phillips Training Systems 
Laurence Lipsett Consulting industrial 
_ psychologist 
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Physical fitness also involves harmoniously 
balancing nutrition, exercise, stress-man- 
agement, and environmental control; tech- 
nical fitness involves balancing the many 
activities needed to acquire new skills. 

Moreover, to achieve physical fitness 
you must act on changes in the way we 
understand our internal and external envi- 
ronments: for example, new knowledge 
about basic food groups, cholesterol, and 
second-hand smoke has transformed the 
way we choose food and assert our right to 
breathe clear air. To achieve technical fit- 
ness, as well, you must routinely evaluate 
and respond to technical and workplace 
changes. Then, too, your capacity to 
improve your physical fitness rises as you 
become more fit, very much as technical 
professionals who continually set them- 
selves new skill-development challenges 
get better at meeting them. 

Finally, what most of us know about fit- 
ness—both physical and technological— 
has far outstripped the average ability to 
profit from it. The U.S. Surgeon General 
pronounced smoking a health hazard more 
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than 30 years ago, yet countless teenagers 
start smoking each year. Most technical 
professionals know several steps they 
should take immediately to improve their 
technical fitness, yet they do not take them. 
For example, 100 percent of more than 365 
technical professionals responding to a 
questionnaire on obsolescence said that 
they should be spending more time develop- 
ing technical skills. The problem is that 
technical fitness requires the same kind of 
individual discipline—focus and follow- 
through—that physical fitness requires. 
COMMON PROBLEMS. The obstacles to tech- 
nical fitness are many, and increasing. 

One obstacle is the rapidly changing 
workplace. Such organizational changes as 
downsizing, flattening, speeding up, going 
global, teaming, and outsourcing profound- 
ly affect your ability to develop new 
skills—often adversely. 

Another problem is information over- 
load. The rate at which technical informa- 
tion expands is accelerating. According to 
Peter Large, the author of The Micro 
Revolution Revisited, more new informa- 
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tion has been produced in the 
past 30 years than in the previ- 
ous 5000. 

Fuzzy targets will also slow 
down your efforts to stay tech- 
nologically ahead of the pack. 
Many professionals adopt such 
unclear goals because they think 
that this will help them keep 
their options open. Others resist 
setting tangible targets in the 
belief that changes are occurring 
so quickly that plans are outdat- 
ed as soon as they are conceived. 

Last, there is the problem of 
haphazard learning processes. 
Too often, technical profession- 
als have no skill-development 
plans whatever. Too often, 
course titles are chosen from 
corporate or vendor catalogs 
because they sound interesting 
or happen to fit time and loca- 
tion constraints. Too often, 
training is an isolated event, not 
a sequence of learning activities 
that promote improved work 
performance. 

Technical fitness, like physical 
fitness, is a moving target: you 
must constantly achieve higher 
levels of performance, and so 
must any company that employs you. 
Companies that failed to meet that chal- 
lenge no longer provide jobs for technical 
professionals or anyone else. 

Within companies and their subunits, the 
needed skills are changing rapidly. We 
know some engineers who refused to see 
the signs when their large international 
company took its first steps toward leaving 
the plant-construction business. They were 
not receptive to offers of retraining for 
jobs in other engineering areas. When their 
department was closed down, a few months 
later, they were laid off, for they had failed 
to understand the importance of keeping 
their own skill development in sync with 
the changing needs of their employer. 
GETTING STARTED. Before you start a new 
approach to fitness, use fitness concepts to 
think about the way you identify and learn 
new skills. In effect, give yourself the tech- 
nological counterpart of a thorough physi- 
cal exam. Consider not only your weak- 
nesses but also your strengths and the 
processes that produced them, for those 
processes may be the very ones that will 
help you expand your base of skills. Here 
are some other ways of getting started: 

e “Fire yourself” as a fitness check. Sup- 
pose that, suddenly, you were on the street 
looking for a job. What skills and know- 
ledge could you offer potential employers? 
Who would pay for them? What could you 
do to get up to speed if you lacked certain 
requirements for re-employment? 

e Review current job requirements and 
develop concrete plans to meet them. You 
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| 1. Specify skills needed and 
benefits to employer 
2. Set skill priorities 
3. Get management agreement 





4. Generate learning options 


5. Get organizational 
resources 


6. Do learning projects 
on the job 


Source: David B. Youst, Laurence Lipsett and Phillips Training Systems 


must have three priorities: first, to im- 
prove any skill that is below acceptable 
levels; second, to achieve peak perfor- 
mance on your current job by comparing 
your work with that of acknowledged 
expert producers; third, to build skills for 
the future. This “fix, peak, future” ap- 
proach uses benchmarking, competitive 
assessment, and feedback from informal 
and formal appraisals. 

¢ Develop a five-year work vision by writ- 
ing a description of the kind of work you 
want to be doing and the kind of work en- 
vironment in which you want to be doing 
it. Provide enough detail to avoid the 
“fuzzy target” problem: include such items 
as the skills you want to use, both special- 
ist and generalist; the pay, benefits, and 
perks you expect; the employers who 
might hire you; your competitors for this 
type of job; and the skills you must learn. 

e Seize the day. Many companies these 
days actively encourage professional 
employees to take the initiative and assume 
greater responsibility. 

SIX STEPS. You can use the six-step skill- 
development process described hereafter 
to improve your technical fitness [see fig- 
ure above]. With some individual tailoring 
to fit your own requirements, it can im- 
prove your performance and the effective- 
ness of any organization you serve. 

1. Identify your skill objectives and 
write down the benefits, both to you and 
to your employer, of meeting them. Your 
list should balance technical and personal 
skills, the need for depth and breadth, and 











An organized approach to acquiring new skills is more likely to succeed than a haphazard one. 
The approach suggested here breaks the task down into separate blocks comprising six steps. 


short- and long-term pressures. 

Link each skill objective with a reason 
for learning it; when benefits are explicit, 
trade-offs are easier to manage. Those 
benefits should be stated in the language 
your managers use—“savings,” “shortened 
cycle times,” “better customer service,” 
“meeting department objectives,” “improv- 
ing competitive position,” and the like— 
because your object is to get management 
support for continuing skill development. 
Usually, it is easier to set priorities if you 
quantify the benefits in dollars or in some 
other way. But don’t avoid mentioning im- 
portant benefits merely because they are 
hard to quantify. Regardless of how a ben- 
efit is stated, it should make good business 
sense, and it should be honest. 

Your skill objectives should be specific— 
not too general or too detailed. They should 
be challenging but attainable, related to 
work performance, clear, and important. 
Stress skills that are critical to improving 
your work performance and impact. Seek 
out feedback, including formal and informal 
appraisals of your work from bosses, co- 
workers, suppliers, and customers. 

Ask your employer for recommendations, 
and tune in to such company buzz words as 
Total Quality, teams, diversity, and core 
competencies—the forces that will drive 
your organization. Search for technologies 
likely to become more important to your job, 
company, industry, field of preparation, and 
career. Anticipate the skills that your com- 
pany may need as a result of likely organiza- 








tional changes. Investigate the standards of 
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preparation, codes of conduct, and recom- 
mendations for continuing education that 
are current in your profession. Include skill 
objectives that are important to your future 
work interests. 

2. Set skill priorities. No matter how 
hard you try, you can’t learn everything you 
want, and in all likelihood you also won't be 
able to get your manager to spend a lot of 
time listening to your plans to acquire a 
great many skills. Experience has shown 
that five to seven skills can be discussed 
effectively during brief meetings. 

Rank your list of skills and benefits to 
provide a common starting point for ongo- 
ing discussions with management. Ranking 
also offers a way to build in important 
long-term learning objectives—those that 
are usually left off short-term lists. 

3. Get your management to agree to your 
list of priorities. An early buy-in keeps you 
working with management; it also helps 
you to incorporate managerial suggestions 
into your plan and to align your individual 
interests with the needs of your company. 

At this stage, your goal is to get agree- 
ment about what skills you should develop, 
before talking about how you will develop 
them. Many technical professionals find it 
difficult to separate this step from the fifth 
step—the meeting to get resources. Busy 
managers, they think, want to make deci- 
sions quickly. More experienced technical 
professionals believe that a separate third 
step prevents conflict when resources are 
cut and helps managers exercise their peo- 
ple-development responsibilities. 

4. Generate learning options by outlin- 
ing two possible ways of developing each 
skill on your list. The first should be the 
most effective one, regardless of cost; the 
second, the one that is cheapest and makes 
best use of available resources. By creat- 
ing alternatives, you give management the 
opportunity to match resources with prior- 
ities. Often, the final plan draws from both 
options. Since any approach that may be 
chosen will help you reach your skill objec- 
tives, you are in the win-win position of 
negotiating among acceptable alternatives. 
Be sure to include challenging new work 
tasks, because they provide an important 
way to learn new skills. 

5. Get a commitment of organizational 
support and resources. Here the rubber 
meets the road. You now propose the bud- 
get and preliminary plan for a series of 
skill-building activities. Dollars are usually 
less important than time. Since the avail- 
ability of resources is subject to change 
when you least expect it, you want the abil- 
ity to manage change in cooperation with 
management. 

6. Finally, implement your plan. Your 
goal is to use project management tech- 
niques to reach your skill objectives, building 
accountability and organizational communi- 
cation into the effort by setting perfor- 
mance, schedule, and cost objectives similar 
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to those of other work projects. This kind of 
learning project can be intensive and carried 
out in the short term, or it can take place 
more casually over a longer period of time. 
In general, several learning activities will 
be needed to reach each objective. Time 
and resource requirements, schedules, de- 
liverables, milestones, acceptance criteria 
and measures, and review dates are then 
established for each learning activity. 
Tracking, reporting, and change procedures 
must also be specified for the project as a 
whole. Ideally, the results from a series of 
projects help formulate the next learning 
targets, and the six-step cycle is repeated. 
THE ONLY WAY. The six-step skill-develop- 
ment process helps technical professionals 
to balance all their work responsibilities 
and tighten up their traditionally haphaz- 
ard approaches to learning new skills. Con- 
tinual skill development—the only way to 


remain employable—is one of the most 
valuable processes technical professionals 
can undertake. Although some skills have 
fairly short useful lives, the ability to learn 
new skills quickly and effectively has al- 
ways been useful and always will be. If you 
can improve the way you learn, in other 
words, you will make yourself more em- 
ployable than you will by concentrating 
only on what you learn at any given time, 
for you will reduce the time needed to 
learn new skills in the future. 

It isn’t simple. Fortunately, you can 
apply the quality improvement methods 
you already use in business and manufac- 
turing operations to your own skill-devel- 
opment process. Make obvious fixes quick- 
ly. Improve through stages by running the 
process consistently, reducing variability, 
and improving your process capability. If 
possible, leapfrog current methods with 
innovations. Measure key process vari- 
ables, for what is measured improves. Few 
people operate their skill-development 
processes in a consistent way. The great- 
est gains come from establishing standard 
procedures and spending more time fo- 
cused on skill development. 

Every individual’s process is unique. 
Some people have to get better at filtering 
huge amounts of technical information. 
Others need to initiate “learning net- 
works” and to spend more time forecast- 
ing technical needs. Still others have to 
work on resolving the difference between 
their career dreams and career realities. 
Some “systems integrators” will spend a 
lot of time putting all the pieces together. 
In short, developing and maintaining tech- 
nical fitness requires a coordinated and 
cohesive approach, just as developing and 
maintaining physical fitness requires the 
right blend of nutrition, exercise, stress 
management, and positive purpose. 

TO PROBE FURTHER. Daniel Burris’s Techno- 
trends (HarperCollins, 1993), describes 20 
core technologies and 24 ways of applying 
them to work in the future. Information 
Anxiety, written by Richard Saul Wurman 
(1989), provides many examples of infor- 
mation overload and offers advice on how 
to cope with it. FUR, by Harry I. Forsha 
(ASQC Press, 1992), supplies practical 
illustrations of tools designed for quality 
improvement, quantitative control or 
tracking, and appraisal. Sd 
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Discipline, attention to detail, 
a sense of artistry, and 
knowledge of many fields 
are the keys to Alfred Yi Chos 
professional success 


photograph of his, on the 
theme of “the world and its 
people,” was on display in 
the Kodak pavilion at the 
1964—65 World’s Fair as 
among the 100 best in the 
world. The crystal-growth 
technique that he turned 
into a marketable technology—molecular 
beam epitaxy (MBE)—is behind many of 
the semiconductor lasers to be found in 
CD players around the world. For that feat 
he received the 1993 U.S. Medal of Science 
and the 1994 IEEE Medal of Honor. 

The man is Alfred Yi Cho, as accom- 
plished in painting, calligraphy, and photog- 
raphy as in the engineering of semiconduc- 
tor materials. “There’s a lot of art in sci- 
ence. It’s not just equations and formulas,” 
declared Cho, 57-year-old director of the 
Semiconductor Research Laboratory at 
AT&T Bell Laboratories in Murray Hill, N_J. 

“Oriental art is as much discipline as any- 
thing else,” observed his former colleague 
John R. Arthur, now professor of electrical 
engineering at Oregon State University, in 
Corvallis, who holds the fundamental pa- 
tent on which Cho has based his life’s work. 
“Eastern calligraphy requires a person to sit 
in front of the paper and practice over and 
over and over again. Al combines Eastern 
art and philosophy into Western technology, 
and that explains his success.” 

Meticulous. Disciplined. Persistent. Hard- 
working. Determined. Those words recur in 
descriptions of Cho by colleagues, former 
managers, and friends. Cho’s usual work 
week runs from 8:00 AM until 11:30 PM 
Monday through Friday, with a short day—9 
to 5:30—on Saturday. A two-week vacation 
in August was his first in 18 years. 

“For years I knew I could come in on a 
weekend and Al would be in his lab,” said 
Morton Panish, now a retired distinguished 
member of technical staff living in Spring- 


Trudy E. Bell 








Senior Editor r 





70 





PROFESSION/PROFILE 


field, N.J. He was Cho’s manager 
for the 17 years he headed the 
materials science research de- 
partment until he stepped down in 
1986. “I got him the money and 
left him alone. He couldn’t be d- 
rected. He knew what he wanted 
to do, and he did it. Al ran his own 
show completely.” 

“How hard you work is still the 

most important ingredient for suc- 
cess,” Cho affirmed. “I’ve always 
wanted to do my best so that later 
on I would have no regret that I 
didn’t try my hardest.” 
CHILD ART. World War II gave Cho 
an unexpected chance to study 
Chinese painting and calligraphy 
under a grand master. He was 6 
years old, and his parents and siblings had fled 
to Chung King to escape the Japanese in- 
vasion. Cho himself was left behind with his 
grandparents in occupied Beijing, his birth- 
place. His grandfather was a famous callig- 
rapher of the Jangtsao school (an excep- 
tionally ornate style of calligraphy), and he 
taught Cho the art. While other children were 
playing, the young boy was grinding the ink 
and pulling the paper at a steady rate as his 
grandfather painted the characters. 

Four years later, in 1947, the family was 
reunited in Shanghai. But their serenity 
was short-lived. In two years they were 
again on the run, this time from Commu- 
nist rule. They reached Hong Kong with 
no possessions. 

In Hong Kong, Cho entered Pui Ching 
High School, a Baptist institution known 
for its scientific training. Since Hong Kong 
was run by the British, Cho needed an 
English first name; he chose Alfred 
because of his interest in the 9th-century 
Saxon king Alfred the Great. In addition to 
the compulsory religious courses, Cho took 
formal lessons in Chinese painting at Pui 
Ching. He also received an excellent scien- 
tific education, as did his classmates Dan 
Tsui and Lu Sham, who went on to make 
names for themselves in multilayer quan- 
tum-well and superlattice physics. 

CHINA Why science instead 
of art? “My parents said what China needs 
most are scientists and engineers, not artists,” 
Cho recollected. His father, a graduate of New 
York City’s Columbia University, had been an 
economics professor in Beijing; an uncle had 
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States. Pui Ching High School’s 
minister, Eunice Short, had a sis- 














graduated from London University 
in business and banking. In part 
because of family pressure, Cho’s 
older brother entered mechanical 
engineering, his older sister became 
an architect, his younger brother 
went into physics, and “that left 
electrical engineering for me.” 
Cho’s parents wanted their chil- 
dren to go to college in the United 


ter who was the foreign student 
advisor to Oklahoma Baptist Uni- 
versity in Shawnee, Okla. The uni- 
versity awarded Cho a scholarship, 
and he entered as a freshman in 
1955. His first impression was that 
“the science was very easy”and he 
“wondered how the United States was so 
advanced.” But soon Cho realized that OBU 
was not an engineering school. 
FIRST 10N BEAMS. In his sophomore year, Cho 
transferred to the University of Illinois, where 
keen competition and high technical standards 
came as “a culture shock.” He received his BS 
in 1960 and his MS the following year working 
with his physical electronics professor Chuck 
Hendricks on building vacuum systems and 
making ion beams to study surfaces. 

By this time, Cho’s parents were living in 
Los Angeles, and after receiving his mas- 
ter’s degree, he took a breather of four 
years to join them. In Redondo Beach, Calif., 
he accepted a job at TRW Corp., where he 
worked with Haywood Shelton. Shelton, a 
Massachusetts Institute of Technology 
graduate, had been charged in these early 
days of the U.S. space program with deve- 
loping ion-beam propulsion for space travel. 

Cho’s years at TRW were crucial to the 
work he did later building the first practi- 
cal MBE systems. In an ion-beam engine, 
cesium ions were formed by passing atoms 
of cesium through a heated porous tung- 
sten plug. Understanding the atoms’ reac- 
tion to the tungsten surface was critical to 
making an ion beam efficient enough for 
propulsion. Moreover, the tungsten plug 
was surrounded by a tantalum heat shield, 
the experiments were conducted in an 
ultrahigh vacuum, and the ion beam was 
surrounded by a cold shroud of liquid ni- 
trogen to simulate outer space. Thus, al- 
though the ion-beam engine never became 
practical, this work provided Cho with es- 
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sential experience with heat shields, vacu- 
ums, and cryogenic systems. 

RETURN TO SCHOOL. Cho’s professor at II- 
linois, Chuck Hendricks, wasn’t about to let 
such a promising student go with only a 
master’s degree, and managed to get him 
readmitted to Illinois. “I brought back my 
experiment from TRW—the interaction of 
atoms with solid surfaces—and my thesis 
was very closely related,” Cho recalled. 

It was during this period that Cho’s per- 
sonal life also changed. In the women’s 
wing of his graduate dormitory lived a 
music student named Mona Willoughby, 
whom Cho often met in the dorm’s lounge. 
The physicist and the vocalist became 
close, and in June 1968—after she 
received her master’s degree—the two 
were married on campus. 

Upon receiving his doctorate in 

February 1968, Cho had eight job 
offers—including one from TRW, 
which wanted him back. Another was 
from Bell Telephone Laboratories 
(now AT&T Bell Laboratories). “I had 
heard so much about Bell Labs as an 
eminent research institution that it 
was a very easy decision,” Cho re- 
called. It was one that determined his 
career from then on. 
EARLY DAYS AT BELL LABS. John Arthur, 
then a member of Bell Labs’ technical 
staff under Panish, had by this time 
made some fundamental observations 
about the interaction of gaseous atoms 
with solid surfaces. Specifically, Arthur 
was studying the interaction of beams 
of gallium atoms and arsenic atoms 
with solid surfaces of gallium arsenide. 
He had established that if the vapor 
pressure was high enough, atoms and 
molecules would be deposited on 
surfaces and build epitaxial films— 
that is, films that follow the crystal 
structure of the substrate. For this ob- 
servation, in 1971, Arthur was issued U.S. 
patent 3 615 931, “Technique for growth of 
epitaxial compound semiconductor films.” 

But back in 1968 the usefulness of the 
technique—which Cho named molecular 
beam epitaxy in 1970—was not at all obvi- 
ous. What was clear, however, was that the 
phenomenon warranted further investiga- 
tion. “We were simply looking for people 
with talent to study the subject and to use it 
as a basis for their own activities in the 
field,” recalled John K. Galt, former director 
of the Solid State Electronics Laboratory, at 
Bell Labs, and now retired in Albuquerque, 
N.M. Galt liked the fact that Cho was “a vig- 
orous intellectual—that is, someone who 
pursued subjects with great vigor and was 
always working on something.” 

From Cho’s first months at Bell Labs, he 
and Arthur “got along famously,” as the lat- 
ter recalled. However, their working styles 
were diametrically opposed. “I tend to be 
impulsive, to work in a kind of intuitive way, 
cutting corners, leaping ahead,” Arthur re- 
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counted. “Al was a lot more methodical and 
careful, suggesting that we keep track of 
things a bit more. I think we complement- 
ed each other really well.” 

Their angles on the research were differ- 
ent as well. Arthur wanted to experiment 
with monolayers of material, using MBE as 
a technique for studying the physics of sur- 
face interactions. Cho preferred to concen- 
trate on growing multiple layers of material, 
to see whether MBE could be used in mak- 
ing semiconductor lasers and other devices. 

Arthur “had the scientist’s outlook while 
Al had the engineer’s outlook,” Panish re- 
marked. This was a difference blessed and 
encouraged by Galt, who recognized that 
the ideal way to develop a new technology 
was indeed to develop a tool and study the 





fundamentals simultaneously. 
BYPASSING COMPETITION. “When you try to in- 
troduce any new technique, you’re always 
facing armies of well-established techniques. 
You have to prove that your budding flower 
can compete with a tree,” Cho observed. “So 
you have to do as well if not better [than they] 
even before you have a chance.” That re- 
quires that you “believe in yourself and have 
the persistence and determination to make it 
work. Most important of all, you have to like 
your work and know where you're going.” 
The established crystal-growing technique 
in the late 1960s and early ‘70s was liquid- 
phase epitaxy (LPE). In LPE, semiconductor 
crystals were grown on a substrate from liq- 
uid. Special structures were then etched into 
the crystals by applying acid through a mask 
of the desired shape, and new crystals were 
grown on top. For electro-optical devices, 
LPE was quite successful. In 1970 Panish, 
along with Izuo Hayashi, had demonstrated 
the first room-temperature continuous- 
wave (as opposed to pulsed) heterostructure 








GaAs laser made by LPE. 

But LPE had distinct problems. Para- 
mount among them was the difficulty of 
controlling the thickness of the epitaxial 
film uniformly across the entire surface of 
a wafer, and making the process repeat- 
able enough to grow devices that were 
identical from one wafer to the next. 

In any kind of device, the layers of semi- 
conductor material need to be essentially 
free of defects—no dislocations in the crys- 
tal lattice, no vacancies where atoms ought 
to be. But in the early days, the materials 
grown by MBE were so full of defects that 
they were insulators. “They were so bad,” 
Cho recounted, “that carriers [electrons and 
holes] could not be introduced.” 

To improve the quality of the materials, 





ae 





Alfred Y. Cho of AT&T Bell Laboratories in Murray Hill, NJ., releases liquid nitrogen coolant from 
an ultrahigh vacuum system of a molecular beam epitaxy (MBE) machine. Cho developed the MBE 
semiconductor-preparation process used to make most of the lasers in the world’s CD players. 


Cho drew on his TRW experience. (“That’s 
why MBE systems all look like ion engines!”) | 
He designed an MBE apparatus with im- 
proved effusion cells for vaporizing the galli- 
um and arsenic, vacuum pumps for removing 
the atmosphere and its impurities, and a 
shroud circulating liquid nitrogen to cool 
everything down to 77 K and so minimize 
thermal effects. 

In addition, Cho wanted to see what 
occurred in the apparatus during the depo- 
sition, rather than just examining its out- 
put. So he outfitted the machine with a 
high-energy electron diffraction (HEED) 
equipment—thereby introducing in situ 
monitoring. “Jn situ monitoring is the key | 
[to growing a single crystal] repeatedly. 
With it, I could actually watch the atoms 
migrate to their lattice sites.” 

Regarding the cross-fertilization between 
his early work at TRW and later develop- 
ments in MBE crystal growth, Cho re- 
marked: “It’s so important for scientists to 
have a broad exposure to many technologies. 
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If you apply one technology to a second tech- 
nology, you end up with a third technology.” 
FLEXIBLE RESEARCH STRATEGY. Watching 
Cho’s progress in depositing uniform layers 
with MBE, and struggling himself to control 
layer thickness with LPE, Panish suggested 
that Cho “make a laser.” But Cho, try as he 
might, could not control the apparatus well 
enough to make a laser that worked contin- 
uously at room temperature. 

He finally figured out why. A semiconduc- 
tor laser is a minority-carrier device: its suc- 
cessful operation depends on the presence 
of both electrons and holes (electron vacan- 
cies). Because these electrons and holes 
would “prefer” recombining at crystal de- 
fects to emitting light, the crystal has to be 
orders of magnitude more defect-free for a 
minority-carrier device than for a majority- 
carrier device. 

“I realized I couldn’t make material of 
high enough quality for minority-carrier 
devices, so I decided, ‘let’s make majority- 
carrier devices,” Cho recalled. “As a scien- 
tist, you have to be flexible. When you see 
a dead-end street, you have to be able to 
change direction.” 

Accordingly, from 1972 through 1976, 
| Cho systematically demonstrated MBE’s 
performance by using the technique to cre- 
ate one majority-carrier device after an- 
other: a microwave GaAs voltage varactor 
(which changes capacitance in response to 
a change in voltage), an Impatt diode (which 
generates a very high frequency in res- 
ponse to a voltage), a mixer diode (which 
mixes two frequencies to produce a third), 
and a microwave field-effect transistor. 

But in being used for majority-carrier 
devices, MBE was challenging another well- 
established technology: chemical vapor 
deposition (CVD). Like LPE, CVD deposited 
thick layers that were then chemically 
etched to the desired thinness. Cho demon- 
strated that with MBE the devices could be 
grown with layers of the exact thickness 
desired, without the need to etch. 

LASER SUCCESS AT LAST. These triumphs not 
withstanding, the majority-carrier devices 
were only one aspect of Cho’s overall re- 
search strategy. “You have to plan your re- 
search work so that only some part of it is 
spent on very difficult problems,” he ob- 
served. “The biggest trophies are the 
hardest to get. You also have to work on 
several moderately challenging problems and 
several easy ones. That way each year you 
have some productivity, so you can survive.” 

The big trophy that Cho was still hunting 
was the first MBE-grown room-temperature 
continuous-wave heterostructure laser with 
more predictable layer thicknesses than 
those attainable with LPE. In this work, Cho 
began to rely on the skills of GaAs-device 
specialist H. Craig Casey Jr., then a fellow 
member of Panish’s technical staff (and now 
a professor of electrical engineering at Duke 
University in Durham, N.C.). “I began taking 
the material that Al grew and evaluating it so 
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he could determine how what he was doing 
in the growth affected the usefulness of the 
devices,” Casey explained. 

Cho worked in his laboratory day and 
night and on weekends. For months he 
documented the growth conditions in some 
200 MBE runs, amounting to thousands of 
lasers. In each run, he altered the process 
to eliminate surface impurities, changed 
the temperature of the substrate on which 
the epitaxial layers were growing, and 
modified the thickness of the individual lay- 
ers to create a device that had a sufficiently 
low laser threshold current density. 

What was it like to work with such a 
dogged, single-minded colleague? “You real- 
ly want to know?” Casey asked. “He was a 
pain in the ass! Now that he’s mellowed over 
the years, he’s a close friend. But back when 
we started this, we didn’t know whether it 
would work or not. He gave attention to 
every detail and was so determined to make 
it work that he was suspicious of everything 
and everybody. We were fabricating the 
devices for him, and he couldn't believe they 
didn’t work because they weren’t grown 
right. He thought we were screwing up.” 

But Cho had a good reason for this close 
supervision. “Any time you want to break 
into a field against the grain of a well-estab- 
lished community, you have to do the 
experiment yourself so that you know what 
you're seeing. Sometimes the unexpected 
effects are the most exciting discoveries. If 
you just have technicians do the work and 
you do only the calculations, you miss a lot.” 

One result of Cho’s direct involvement 
and eye for the unexpected was his obser- 
vation that lasers made in the winter lased 
best, whereas those made in the summer 
did not work at all. “Then I realized that 
every time we opened the vacuum cham- 
ber, it would backfill with atmosphere and 
would have to be pumped down. In New 
Jersey’s humid summer, that meant that 
water vapor was left in the chamber, 
whereas the winter air was dry.” 

To solve the problem, Cho equipped his 
MBE system with what he called a load 
lock. The invention operates like an air 
lock in a manned spacecraft: the sample is 
loaded not directly into the vacuum cham- 
ber, but into an intermediate one. The 
intermediate chamber is then evacuated 
before the inner vacuum chamber is 
opened to receive the sample. The load 
lock—another application of Cho’s early 
career in space technology—is now stan- 
dard on all MBE machines. 

Cho’s persistence paid off on Sept. 9, 
1975. On that Tuesday, he finally achieved 
room-temperature continuous lasing from 
an MBE laser. 

MBE TRIUMPHS. By this time, many investi- 
gators had begun to realize the value of 
MBE—not only for fabricating structures 
already built by LPE or CVD, but also for 
forming ones impossible to build any other 
way. Today MBE is a principal technique 





used to build quantum-well devices, super- 
lattices, and other structures composed of 
multiple ultrathin layers. 

With the assistance of Deborah Sivco, a 
member of the technical staff, Cho’s latest 
triumph with MBE has been to grow the 
indium-gallium-arsenide quantum cascade 
laser. The quantum cascade laser is funda- 
mentally different from conventional semi- 
conductor lasers. In the latter, the emission 
wavelength depends on the chemical compo- 
sition of the active layer. In the new device, 
the emission wavelength can be changed by 
varying the thickness of the layers. In other 
words, simply by engineering the layer thick- 
nesses, the same material can lase at a wave 
length ranging from 4 to 10 Lum! 

Designed by Federico Capasso and 

Jerome Faist, two of Cho’s colleagues at 
Bell Labs, the quantum cascade laser’s 
structure was featured this year on the 
cover of the April 22 issue of Science. 
Growing the 540-layer quantum cascade 
laser took 3 hours—and the first one test- 
ed worked the first time. “That’s so excit- 
ing because it means we really understand 
the physics!” Cho exclaimed. 
REFLECTIONS ON A LIFE’S WORK. Intensely 
private about his personal life, Cho ac- 
knowledged that his dedication to his work 
always put time with his family at a premium. 
“Still, every evening I went home to eat dinner 
with them before going back to the office, and 
every morning we ate breakfast together.” He 
and his wife and four children always spent 
Saturday evenings and Sunday together. 

“T try the best I can to make our time to- 
gether high quality, hopefully of the best qual- 
ity to compensate for its length,” he said. 
With pride, he pointed out that his daughter 
Brynna is studying nursing at William 
Patterson University in Wayne, N.J., while his 
son Derek and his other two daughters 
(Deidre and Wendy) are all at the University 
of Illinois, their parents’ alma mater. 

When John Arthur was asked how he 
felt seeing Cho develop MBE commercial- 
ly and receive so much credit, he replied 
thoughtfully: “I have always been more 
concerned with my life outside of sci- 
ence—maintaining a family life. In other 
words, I really don’t feel envious of him. 
He’s chosen a hard road to travel and has 
earned everything he’s got.” 

Cho is now at a reflective point in his 
career. Despite working exceptionally 
long hours, he feels guilty about not having 
enough time to do full justice to reading 
the technical literature, writing recom- 
mendations for promising young investiga- 
tors, giving plenary talks, and doing all the 
hands-on research he would like to do. 

“At one time I thought of changing fields. 
But there is so much still to do in MBE. Also, 
thousands of people might think, ‘If Al Cho 
left, there must not be anything left in 
MBE,” he ruminated. Still, he added, “Once I 
finish all my science, I want to get back to 
my art and photography.” ° 
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PDEase’s popularity predicted 
Kenneth R. Foster 





PDEase. 

Maesyma Inc. Requires a 
PC based on the Intel 
386/387 or 486DX (or 
equivalent) running DOS 
5.0 or later. Requires 4- 
MB RAM, 4-MB hard-disk 
space (the program 
occupies 2 MB), EGA, 
VGA, or Super VGA 
graphics. May be run under Microsoft Windows, and 
produces Windows graphics, using the Macsyma 
Graphics Viewer. US $499, with discounts for 
academic users. A limited student version ($149) and 
a Sparc version for SunOS ($999) are also available. 








Field analysis programs calculate electric or 
magnetic fields around conductive or di- 
electric objects [see “Computing EM fields,” 
IEEE Spectrum, November 1992, pp. 52- 

-56]. An engineer would use one, for 
example, to calculate the capacitance of a 
microstrip line. Generally, though, the finite- 
element programs long available for such 
jobs are expensive and can be hard to adapt 
to novel problems. 

PDEase is a breakthrough on two counts: 
flexibility and cost. Unlike other finite- 
element programs, PDEase accepts single 
partial differential equations, or systems of 
equations, directly from the user. The 
equations may be linear or nonlinear, or 
static or time-dependent, and can be of 
mixed elliptic-parabolic-hyperbolic type. As 
such they can represent a wide range of 
physical phenomena, including such topics 
as electric or magnetic fields, heat flow, dif- 
fusion, fluid flow, thermoelasticity, and 
stress/strain. 

Hence PDEase’s unprecedented flexi- 
bility. The user can easily solve problems in- 
volving coupled phenomena such as electric 
current and heat or thermoelasticity, for 
which other finite-element programs are 
not suited. 

Note, too, that many competing products 
cost 10 times as much. 

To use the program, the engineer prepares 
a batch file that specifies the equations, 
problem geometry, boundary conditions, quan- 
tities to be displayed, and other information. 
PDEase then interprets the equations, con- 
structs a finite-element grid, and solves the 
problem repeatedly, with ever finer grids, until 
it achieves the desired accuracy. 

The program will write its output to disk, 
or display the results in any of an assort- 
ment of plots by means of its excellent built- 
in graphics capabilities. PDEase can only 
handle two-dimensional problems or three- 











dimensional ones where there is an axis of 
rotational symmetry. It can accept batch files 
written by Macsyma (a powerful computer 
algebra system also sold by the vendors) 
and it can use Macsyma’s superb graphics 
program if a still higher quality of graphics 
output is needed. 

I have used PDEase for several months 
in a variety of research projects. It was easy 
to learn, in part because of the 29 sample 
problems included with the 120-page loose- 
leaf manual. (Most of the problems are from 
mechanical engineering, though—the de- 
velopers should add more for electrical en- 
gineers.) Writing the batch files and de- 
bugging them is straightforward but clumsy 
compared to more automated programs. 
The versions I tested (a beta-test version, 
and one of the earliest releases of PDEase) 
had some rough spots and minor bugs, but 
generally they worked well. 

Flexibility has its costs, however. The most 
obvious is speed. In solving the same problem 
on a given system, PDEase is much slower 
and can handle fewer nodes than can Quick- 
Field, an efficient finite-element program for 
the PC [see “Quick and easy field analysis,” 
Spectrum, December 1993, p. 64]. 

All the same, on my systems, one based 
on the Intel 80386 microprocessor running 
at 40 MHz and another using the Intel 
80486 chip operating at 33 MHz, PDEase 
did well. It could easily handle models with 
tens of thousands of nodes, which probably 
is adequate for most problems. (The ven- 
dors have noticeably speeded up the latest 
release.) Writing the batch files takes some 
care since slight changes in the way a 
program is defined can greatly extend 
running time. 

The user may need to brush up on physics 
and partial differential equations because 
PDEase is a tool that necessitates dealing 
explicitly with both. It is well worth the effort. 
PDEase is a fine product that deserves wide- 
spread popularity. Contact: Macsyma Inc., 
20 Academy St., Arlington, MA 02174-6436; 
617-646-4550; fax, 617-646-3161; e-mail, 
info-macsyma@macsyma.com; or circle 100. 


Kenneth R. Foster (F) is an associate professor in 
the department of bioengineering at the University 
of Pennsylvania. His e-mail address is 
kfoster@eniac.seas.upenn.edu. 


Statistics on Windows 
Alfred Riddle 


In the business of selling statistical software 
since 1960, BMDP Statistical Software has 
products ranging from the comprehensive 
Classic Release 7.0 to diverse task-oriented 


products. Its New System product is the 
company’s first step to building a statistical 
system within the Windows user interface. 

The package provides an integrated Win- 
dows environment for basic statistical 
analysis and visualization. It offers six plots 
and four analysis modes, most of which in- 
teract to give the user tremendous flexi- 
bility and a short learning curve. 

The plots, which are all two-dimensional, 
include scatter and box plots, histograms, 
and bar charts, as well as normal probability 
and means comparisons. The analysis 
modes include descriptive statistics, re- 
gression, tests, and analysis of variance 
(Anova), which determines how much of a 
variance is experimental error and how 





BMDP New System for 
Windows: Version 1.0. 
BMDP Statistical Software 
Inc. Requires IBM PC- 
compatible having at least 
4-IMB RAM, 6-MB hard- 
disk space, Windows 3.1, 
and small fonts. US. $395; 
Student version, $59.95. 
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much is a valid result. 

New System minimizes the effort of ana- 
lyzing data. The user can easily manipulate 
plots and readily modify analyses without 
returning to the initial spreadsheet window. 
Although visualization is not a large part of 
this program, the plot routines contained 
many visual aids. Even the plot colors and 
patterns were easily customized. In short, 
the program feels well balanced and useful. 
Moreover, BMDP is planning to expand 
New System to a level comparable with its 
Classic product. 

I used New System as many new buyers 
would. I opened up the box, read the in- 
structions, and began to use the software. 
The only installation problem I had was that 
the setup program could not find my au- 
toexec file since I installed the software on 
the D drive. Once inside the program, I 
loaded an ASCII file and tested the various 
features. New System can read all the 
major spreadsheet, statistical software, and 
database file formats. 

The ASCII file import worked flawlessly 
on my space-delimited file. A dialog box 
allows the user to set other delimiters. All 
the features worked as advertised, and I did 
not find any bugs. A Transform menu is 
filled with basic mathematical operations, 
but the user-equation dialog was more use- 
ful to me. I found BMDP’s technical staff to 
be very helpful, as long as I provided them 

(Continued on p. 75) 
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advertisers have been notified of this policy in advance, 


stated as ranges or otherwise, will be construed by the 
reader as minimum requirements only. While IEEE 
does not ban the use of the term “entry level,” its use is dis- 
couraged since, to some, it connotes an age rather than 
an experience designation. IEEE accepts employment ad- 
vertising to apprise its members of opportunities. Interest- 
ed parties should be aware that the political and humanis- 
tic values of certain advertisers may differ from their own. IEEE 
encourages employers to offer salaries that are com- 
petitive, but occasionally a salary may be offered that is 
significantly below currently acceptable levels. In such 
cases the reader may wish to inquire of the employer 





they agree that any experience requirements, whether whether extenuating circumstances apply. 


To place an advertisement in Spectrum's Employment Opportunities section, contact the nearest Spectrum sales office 


New York Boston Chicago San Francisco Los Angeles Atlanta Dallas Denver 
212-705-7760 508-255-4014 708-446-1444 415-386-5202 310-649-3800 404-256-3800 214-553-9896 303-670-3749 


For production/mechanical information contact Theresa Fitzpatrick Advertising Production Manager, 212-705-7579 
IEEE Spectrum Advertising Dept., 345 E. 47th St., New York, N.Y. 10017 


































Power Systems Engineer 


The Toroidal Confinement Division of the MIT Plasma Fusion Center has an 
opening for a Power Systems Engineer to operate, maintain, and upgrade a 400 
MVA pulsed power system for nuclear fusion research. The successful applicant 
will combine an excellent theoretical understanding of energy storage and power 
conversion technology with a track record of successful commissioning, opera- 
tion, modification, and repair of high-current, variable frequency, thyristor power 
converters. This individual will also be required to supervise the operation of the 
entire experimental facility during tokamak operations. 


ISSA/NSA 
POLY 


USE YOUR “TICKETS” 
FOR FASTER CAREER GROWTH 





Applicant should have a Bachelor’s degree in Electrical Engineering plus at 
least 2 years experience with multi-kiloamp pulsed power equipment. 
Experience with the installation, testing operations, and maintenance of pulsed 
DC rectifier/inverters with ratings in excess of 25 MVA is required. Knowledge of 
motor drives and rotating machines is helpful. Knowledge and experience with 
power distribution, AC and DC switchgear, and computerized control systems is 
required. At least 1 year experience with installation and operation of Allen- 
Bradley PLC-5 equipment and with both PC-DOS and VMS operating systems 
required. Good oral and written communication skills are required. Knowledge of 
CAMAC, data acquisition systems, cryogenic systems, and a variety of instru- 
mentation is desirable. Proven ability to work hard, learn fast, and get along well 
with people is essential. Preference will be given to individuals with directly 
applicable experience in the fields described above. 


Put our 27+ years experience plac- 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 


Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231-9000 or send your 
resume in confidence to: Dept. EA- 
I3EB or FAX to: (301) 770-9015. 





INTERESTED PERSONS should submit their resume 
and cover letter referencing position #PFC/AEEE-R9410 
to: Ms. Ramona Allen, MIT Personnel Office, Bldg. 
E19-239, 77 Massachusetts Avenue, Cambridge, MA 
02139-4307. MIT is an Equal Opportunity/Affirmative Action 
Employer. MIT is a non-smoking environment. 


WALLACH 


associates, inc. 


Technical and Executive Search 


Washington Science Center 
6101 Executive Boulevard 

Box 6016 

Rockville, Maryland 20849-6016 


Massachusetts Institute 
of Technology 
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DEAN OF ENGINEERING AND APPLIED SCIENCE 
PORTLAND STATE UNIVERSITY 


Portland State University seeks applications for the position of 
Dean of the School of Engineering and Applied Science, with 
a starting date of July 1, 1995. The University is one of the 
eight universities and colleges of the Oregon State System of 
Higher Education, and is recognized nationally as one of the 
most innovative campuses in the U.S. and as a model for 
urban universities. The Engineering School offers accredited 
bachelor’s, master’s and Ph.D. degrees in civil, mechanical, 
electrical and computer engineering, computer science, 
manufacturing engineering and engineering management. 
Candidates must have a Ph.D. in an engineering or closely 
related discipline plus a teaching, research and community 
service record to merit a tenured full professorship in an 
academic department of the school. Management experience 
is essential, with significant experience in industry and 
academic administration highly desirable. Demonstrated 
ability to secure external support is expected, with a track 
record of working successfully with government and industry 
to build innovative programs. The position will remain 
open until filled. Review of applications will begin October 
15, 1994. Send nominations or applications to: Roger 
Ahlbrandt, Co-Chair, SEAS Dean Search Committee, SBA, 
Portland State University PO Box 75 1, Portland, Oregon 
97207-0751. Applications should include: (1) a curriculum 
vitae; (2) names, addresses and phone numbers for at least 3 
references, including members of the business community. 
PSU is an Equal Opportunity/Affirmative Action Employer. 
Women and Minorities encouraged to apply. 





EXECUTIVE DIRECTOR 


IEEE 

The Institute of Electrical and Electronics Engineers, 
Inc., the world’s largest technical professional organization, 
is seeking a uniquely qualified individual to direct the execu- 
tive office of our Power Engineering Society. This individual 
will supervise a small staff and serve as primary advisor to 
Society officers and members in all matters relating to ; 
Society affairs. 


Candidates should have a college degree in engineering 
or demonstrated technical knowledge/experience. A mini- 
mum of ten years of increasingly responsible management 
experience, including strong analytical and financial skills. 
Superior written and oral communication skills are 
required. Strong interpersonal skills, especially in the con- 
text of a volunteer-driven organization. Candidates must be 
computer literate. 


This position is located at the IEEE Piscataway, NJ facili- 
ty. Competitive salary and attractive benefits package avail- 
able. Deadline for receipt of applications is October 21, 
1994. Send cover letter and a detailed resume of education- 
al and business experience, including salary history and 
requirements to: 


Human Resources Director 
IEEE 
445 Hoes Lane 
Piscataway, NJ 08855-1331 


EOE m/f 








ANNOUNCING 





IEEE’s New Video Subscription Plan 


Get Videotapes of IEEE’s Highly Praised Satellite Broadcasts and Save 45%! 


IEEE’s best videos are now available at a special package price. With this new subscription plan, you 
will receive a videotape of each of the seven broadcasts within one month of the live presentation. 
With IEEE’s Video Subscription Plan you will save both time and money. 


IEEE’S VIDEO SUBSCRIPTION PLAN WILL BRING YOU THESE MAJOR BENEFITS: 


Get Key Videos Fast 


You will automatically receive the best videos within one month 


of the original broadcast (overseas orders require 12 weeks) — 


that’s months before they are released to the general public. 
Save 45% 


Superior Training at Low Cost 


For the cost of sending one person to a one-day conference, your 
organization can have as many engineers as you like view these 
videos on-site. 


World Class Presenters 








The new 1994 Video Subscription Plan costs $2,995 — 
that’s $2,570 off the list price of $5,565! 


Free Tape 


These quality videos feature the world’s experts on 
Critical topics in computing and electronics. 


Free Preview 





Subscribe in 1994 and you can select any one of our previous 
year’s videos —a $795 value — free! 


PAL Format Available 





IEEE Videos are available in both NTSC and PAL formats. 


If you would like a preview, we can send you 

our free ten minute sample tape which 

demonstrates the high production quality of 

IEEE Videoconferences, the lively presenta- : ; 
tion, and the impressive taped footage used 

in our programs. 


To subscribe to the 1994 IEEE Video Subscription Plan or for more information, call: 


® 


IEEE Customer Service at: 1-800-678-IEEE (908-981-0060 outside of the US) or write: IEEE Customer Service, 


445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331. All subscriptions must be prepaid. 





Engineer 


Cray Research, Inc., the world leader 
in the development of powerful, 

high-speed supercomputers, seeks 

a resourceful, high-initiative pro- 

fessional to assume challenging 

responsibilities in our Chippewa 

Falls, WI facilities. 


SENIOR 
INTEGRATED 
CIRCUIT 

DESIGN ENGINEER 


This individual will serve as a CMOS IC 
Design Team member who can provide 
technical leadership in the design and 
implementation of high performance 
CMOS circuits. Requirements include a 
BSEE degree, (MSEE or PhD preferred) 
and 8+ years of experience designing 
customer high performance CMOS cir- 
cuits. The candidate should possess skills 
in circuit design, simulation, layout, verifi- 
cation, and written/verbal communica- 
tion. Familiarity with embedded memory, 
CMOS/ECL, CMI interfaces and gate array 
and standard cell experience is desirable. 
ari and Bipolar design experience is 
a plus. 


Cray Research, Inc. offers an excellent 
compensation plan that includes profit 
sharing and a competitive benefits pack- 
age. So, get back to basics in Chippewa 
Falls, Wisconsin, whose small-town envi- 
ronment reflects a relaxed pace, a secure 
progressive flavor and a strong sense of 
community. Just 1 1/2 hours east of the 
Minneapolis/St. Paul metro area in beau- 
tiful north central Wisconsin, Cray 
Research's advanced large-scale computer 
design and development facilities are 
Surrounded by the beauty of the 
Chippewa River Valley ...asetting where 
personal life and careers thrive. Cray 
Research utilizes resume scanning and 
OCR. Please avoid columns, underlining, 
small type and odd fonts. To respond, 
please send your resume to CRAY 
RESEARCH, INC., Resume Processing 
Center (041E101), 1620 Olson Drive, 
Chippewa Falls, WI 54729. e-mail: 
downing@topaz.cray.com 

Believing part of creativity is diversity, Cray 


Research, Inc. is proud to be an Equal Opportunity 
Employer M/F/D/V. 


— — F_— 














National Defense Science and 
Engineering Graduate Fellowships 


STARTING IN ACADEMIC YEAR 1995 - 1996 





As a means of increasing the number of U.S. citizens trained in disciplines of science and engineering 
of military importance, the Department of Defense plans to award approximately 90 new three- 
year graduate fellowships in April 1995. National Defense Science and Engineering Graduate 
Fellowships will be awarded for study and research leading to doctoral degrees in, or closely related 
to, the following disciplines: 


AERONAUTICAL AND ASTRONAUTICAL ENGINEERING 
BIOSCIENCES (Includes Toxicology) 

CHEMICAL ENGINEERING 

CHEMISTRY 

COGNITIVE, NEURAL, AND BEHAVIORAL SCIENCE 
COMPUTER SCIENCE 

ELECTRICAL ENGINEERING 

GEOSCIENCES (Includes terrain, water, and air) 
MANUFACTURING SCIENCES AND ENGINEERING (Includes Industrial Engineering) 
MATERIALS SCIENCE AND ENGINEERING 
MATHEMATICS 

MECHANICAL ENGINEERING 

NAVAL ARCHITECTURE AND OCEAN ENGINEERING 
OCEANOGRAPHY 

PHYSICS (Includes Optics) 


National Defense Science and Engineering Graduate Fellows selected in 1995 will receive a stipend 
in addition to full tuition and required fees. The amount of the stipend is $16,500 for 1995-1996; 
$17,500 for 1996-1997; $18,500 for 1997-1998. Also, the fellow's graduate academic department 
will receive $2,000 per year. 


Recipients of National Defense Science and Engineering 1995-1996 Graduate Fellowships 
do not incur any military or other service obligation. 


Specific information regarding the fellowship and an application package are available from Battelle 
Memorial Institute, a not-for-profit research institution, which is administering the program for the 
Department of Defense. 


To request a copy of the application materials to be mailed directly to you, contact Battelle at the 
following address: 





NDSEG Fellowship Program 

200 Park Drive, Suite 211 

P.O. Box 13444 

Research Triangle Park, NC 27709-3444 
ATTN: Dr. George Outterson 

(919) 549-8505 
NDSEG@ARO-EMH1.ARMY.MIL 








Completed applications must be received by 
Battelle by January 18, 1995. 





Recent Books 





(Continued from p. 18T2) 
Energy Storage for Power Systems. Ter- 
Gazarian, A., TIEE/INSPEC, Piscataway, 
N.J., 1994, 232 pp., $95. 


Cyberspace and the Law: Your Rights and 
Duties in the On-line World. Cavazos, 
Edward A., and Morin, Gavino, MIT Press, 
Cambridge, Mass., 1994, 230 pp., $19.95. 





Microsoft EXCEL 5 For the Macintosh Step 





by Step. Catapult, Inc., Microsoft Press, 
Redmond, Wash., 1994, 368 pp., $29.95. 


Xlib by Example. Yang, Cui-Qing, and Ali, 
Mahir S., Academic Press, New York, 1994, 
635 pp., $39.95. 


Encyclopedia of Applied Physics, Vol. 9: 
Magnetic Materials to Mechanical Vibration 
and Damping. Eds. Trigg, George L., et al., 
VCH Publishers, New York, 1994, 600 pp., 
$295 (hardcover), $235 (standing order). 


Designing Engineers. Bucciarelli, Louis L., 





Engineers 








Be a part of a successful team 
meeting new challenges with 
state-of-the-art technology. 

For immediate confidential 
consideration, fax your resume 
to 813/381-2000 x 4803 or 
Jorward your resume and 
salary history indicating 
position of interest to: m@ ADA, C 
Manager of Staffing 
E-Systems, Inc. ECI Division 
PO. Box 12248 

St. Petersburg, FL 33733-2248 


m@ P-Spice 


JOIN AN ESTABLISHED LEADER 


E-Systems, ECI Division, located in St. Petersburg, FL, designs, devel- 
ops, and produces a variety of communications systems for air, land, 
sea and space applications. We have attained our leading position in 
the industry through the excellence of our products and people. 


Systems Engineers 

m BSEE or MSEE; at least 10 years’ experience 

= Combat/weapon systems integration 

@ Detection, decision and engagement logic/integration 


Digital Engineer 

mw BSEE or MSEE; at least 3 years’ experience 

m Knowledge of VME, PALs, FPGAs, and microprocessors 
m CADENCE VHDL design tools 


Software Engineer 


mw BSCS/MSCS; at least 3 years’ experience 
@ Software Methodology 


RF/Microwave Engineer 

w BSEE or MSEE; at least 3 years’ experience 
m@ 2 to 40 GHz 

m@ HP MDS or EESOF CAD systems 


Power Converter Engineer 
m BSEE or MSEE; at least 3 years’ experience 
m Design of high and low voltage power converters 


Mechanical Engineer 

m@ BSME or MSEE; at least 5 years’ experience 
@ PRO-Engineer, SDRC, RASNA, ANSYS 

@ Military electronics packaging 


Maintainability Engineer 


m BSEE; at least 5 years’ experience 




























m Analysis/BIT design-FOM, FMECA or WSTA, STAT 
m Generate test requirements documents and TPS 
LEXYS, PAWS 


MIT Press, Cambridge, Mass., 1994, 256 pp., 
$24.95. 





Monte Carlo Simulation of Semiconductor 
Devices. Moglestue, C., Chapman & Hall, 
New York, 1993, 326 pp., $99.95. 


Introduction to Control Theory, 2nd edition. 
Jacobs, O.L.R., Oxford University Press, 
New York, 1993, 390 pp., $33.95. 


Fractal Cities. Batty, Michael, and Longley, 
Paul, Academic Press, New York, 1994, 394 
pp., $35. 


The Benchmarking Book. Spendolini, Michael 
J, Amacom, New York, 1994, 209 pp., $17.95. 


Inside Visual C + +, 2nd edition, Version 
1.5. Kruglinski, David J., Microsoft Press, 
Redmond, Wash., 1994, 768 pp., $39.95. 


Robust Industrial Control: Optimal Design 
Approach for Polynomial Systems. Grimble, 
Michael J., Prentice Hall, Englewood Cliffs, 
N.J., 1994, 597 pp., $80. 


Semiconductor Ceramics: Grain Boundary 
Effects. Hozer, Leszek, Prentice Hall, 
Englewood Cliffs, N.J., 1994, 200 pp., $59.95. 


The Quest for Life in Amber. Poinar, 
George, and Poinar, Roberta, Addison- 
Wesley, New York, 1994, 240 pp., $25. 


The Perfect Machine: Building the Palomar 
Telescope. Florence, Ronald, HarperCollins, 
New York, 1994, 451 pp., $27.50. 


Prime Time Freeware for Al, Issue 1-1. Ed. 
Kantrowitz, Mark, Prime Time Freeware, 
Sunnyvale, Calif., 1994, 220 pp., $60. 


Genetic Programming Il: Automatic Discovery 
of Reusable Programs. Koza, John R., MIT 
Press, Cambridge, Mass., 1994, 746 pp., $45. 


Distributed Operating Systems. Tanenbaum, 
Andrew S., Prentice Hall, Englewood Cliffs, 
N,J., scheduled for 1995 release, 614 pp., $57. 


1995 EEM/Electronic Engineers Master, Vol. 
A: Electronic Components; Vol. B: Electro- 
mechanical, Electro-Optical, and Military 
Components; Vol. C: Interconnections, 
Packaging, and Hardware; Vol. D: Power 
Sources, Instrumentation, Computer Products, 
and Equipment. Hearst Business Publishing/ 
UTP Dwision, Garden City., N.Y., 1995 release, 




















4000 pp., $99 (annual subscription). 


We offer a highly competitive compensation and benefits package 
that includes comprehensive medical, tuition reimbursement and 
retirement. 


[F E-SYSTEMS 


An Equal Opportunity Employer M/EDV. U.S. Citizenship Required. 









| 

; 

High Voltage Engineering and Testing. Ed. ) 
Ryan, H.M,, IEE/INSPEC, Piscataway, N.J., 
: 

i 





1994, 447 PP., $95. 


Guide to Writing DCE Applications, 2nd edition. 
Shirley, John, et al., O’Reilly & Associates, 
Sebastopol, Calif., 1994, 440 pp., $29.95. 
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“The appearance of a single great genius is more than 
equivalent to the birth of a hundred mediocrities.” 
-Cesare Lombrosco, The Man of Genius , [1891] 





Proof is the convergence of computer, communications and 
broadcasting technologies at GI Communications, a division of 
GeneralInstrument Corporation. With three key enabling technolo- 
gies: digital compression, fiber optics and low-cost computing and 
world-class strategic partners, we are creating the Information 
Superhighway. Our core competency - Jerrold® and VideoCipher® 
brand equipment for the cable, RF, fiber optic, satellite TV 
encryption and broadband digital compression markets. 


From the conceptual and architectural level through product 
definition and interface specification, our System Engineers 
translate market requirements into designs. If you want a place 
where your accomplishments can emerge, apply now for the 
opportunity at General Instrument for which you are 

best qualified. 


Network System Engineer 

It is important that you bring 5-10 years’ experience with data 
communication network design. Network and data link layer 
protocols, media access control, traffic modeling, LAN/WAN 
interfacing are all part of your basic skill knowledge. And to 
further round out your capabilities, your facility with protocols such 
as ATM and AALs, TCP/IP, SNMP, MPEG, and physical layer protocols 
is beneficial. Please refer to position code NETSYSENG. 


Network Management 

With 5 or more years’ experience with network management theory, 
practice, protocols and systems such as SNMP, CMIP, and RPC 

you will welcome the challenges with us. It is helpful if your 
background includes working knowledge of management packages 
such as NetExpert. Please refer to position code NETMGR. 


Operational Support Systems 

Drawing on your knowledge of current telephony OSS systems to 
develop new features and functions for video and broadband 
telephony services, 5-10 years’ working in operational support 
systems will enhance your achievements. Specifics of your 
background should include billing, provisioning, monitoring, 
diagnostic, maintenance, and/or dispatching systems. Please 
refer to position code OPSUPSYS. 


Nothing is 


beyond our 


expectations. 


Encryption Specialist 

Experience in the design of data encryption systems of 5-10 years is 
key to designing systems that will secure information (video, voice 
and data) flowing through new broadband hybrid fiber/coax systems 
that comprise the information superhighway. It is important that 
your background include working with DES and public key encryption 
systems, in both theory and practice. Please refer to position code 
ENCRYPSPEC. 


Systems Generalist 

Developing system concepts spanning many areas of technology will 
find you drawing on resources with diverse talents. As a Systems 
Generalist, you will coordinate system design and development 
across a range of technologies including data communication and 
networking, RF modulation and demodulation, video and audio 
compression, encryption and access control, real time embedded 
software and hardware, and user interfaces. To accomplish your 
goals, you will excel with experience in all aspects of system 
design (including customer interface), preparation of requirement 
documents and system specifications, planning and performing 
system integration and test, and system deployment planning. 
10-15 years’ experience in all aspects of system design, 
integration and test. Please refer to position code SYSGEN . 


Here’s How To Apply 

General Instrument offers employees competitive salaries and 
comprehensive benefits. Send your resume to: Ed Zakrzewski, 
Director, Employment, (position code), GI Communications, General 
Instrument Corporation, P.0. Box 668, Hatboro, PA 19040-0668. 
An Equal Opportunity Employer. 


Contact Us On-Line 

Use your PC and modem to learn more about us and the many other 
opportunities we have available. You can also apply on-line, even if 
you don’t have an up-to-date resume. Dial (802) 297-1912 and 
enter the password CABLE. (1200/2400 baud). 


@ General Instrument 








Te 


Mutual Funds 


In order to meet a lifetime of changing investment goals 
and maintain a sound, diversified portfolio of invest- 
ments, IEEE members are now offered an exclusive 
mutual fund program . . . 


IEEE Balanced Fund Created exclusively for IEEE members 
and their families, this no-load fund seeks to provide 
“balanced” investing by combining the growth potential 
of stocks with the relative 
safety and income potential 
available from bonds — the 
best of both worlds, and all in 
one fund. 

Investors in the IEEE Bal- ’ 

anced Fund are eligible to take advantage of all the 
benefits and services of the Vista™ Family of Mutual 
Funds, including free exchange privileges into any Vista 
Fund — without incurring a sales charge. 

Vista™ Family of Mutual Funds With over 20 funds, Vista 


offers you a range of investment choices: from the higher 


Engineers often have unique financial return potential and higher risk associated with aggressive 


growth funds, to the more conservative port-folios of the 


needs—and the IEEE has createt taxable and tax-free income funds. As an IEEE member, 


you may invest in the Vista funds with-out paying the 


a program to help nee those needs. usual up-front sales charge of up to 5%. 
. . Exclusive Benefits You'll Get From Investing: 
It's called the IEEE Financial Advantage ; 


No sales charges to IEEE only: members save up to 5% 


Program. And, building on the very Pre- and Post-Tax Advantaged Options 


Affordability: It takes just $2,500 for IEEE Members to 


popular Insurance program, it brings open a Vista fs IEEE Balwived Fund account (only $1,000 
i ali ay for IEEE Student Members) 
ann antl wae om atided Systematic investing: Initial investment requires only $500 
CHES On a Variety Of Mnancia 
s i Loans 
services that non-members simply 


Take advantage of today’s 


can't get. interest rates with these loan | Blasi Costs 
4 4 


options: 

















Home Financing Flexible terms, up to $300 off closing costs 
for conforming loans.' Loan decision within 7 days or 
member receives $200! 


Auto Financing NO applications—approvals over the 
phone, 100% financing options available. 


HCN 
ae Realty Program Education Financing Students can borrow without income 


het about the new Realty Program that gives you cash requirements. Parents can borrow the full cost of educa- 
back when buying and/or selling a home. Offered tion less other financial aid.’ 


through Weichert. t 
£ all 1 800 GET-IEEE For more information on 
Call 1 800 204-2445 mutual funds and loans, 24 hours a day, 7 days a week. 











FOR IEEE MEMBERS ONLY 


Credit Cards 


The IEEE Gold MasterCard and Visa Gold... an 


alternative power source for your wallet. 


As an IEEE member, you deserve an exceptional value. 
The IEEE Visa Gold and Gold MasterCard from The 
Travelers Bank (formerly Primerica) deliver just that. 
They are the only credit cards superior enough to qualify 
for the IEEE’s sponsorship, providing you with the 
following advantages non-members simply can’t get: 


A Special 8.9% Fixed APR—through April 1995 on balances 
transferred by October 31, 1994. 


No Annual Fee—savings of up to $75 or more each year. 
And you can also obtain additional cards for family 
members still with no annual fee. 


A low variable interest rate of Prime plus 6.9%—when com- 
pared to 18.6%-19.8% APR charged by other banks, you 


could save hundreds of dollars in finance charges. 


And much more including: 


An interest-free grace 
period 


Special discounts on 
IEEE Products 


Personalized creditline checks 

Up to $1 Million Travel Accident Coverage 

Purchase Assurance and Extended Warranty Protection 
Around-the-world travel assistance 

Instant cash access 


FESSOR CI tb 


Balance Transfer 


Plus many more benefits! 


Call 1 800 772-2221 for more information about 


the IEEE MasterCard and Visa or to apply by phone call 
1 800 242-9409 ext. 58. 


ro 

me Frequent Flyer Program 
Earn mileage good for tickets on any airline 
No blackout periods 


Earn mileage for purchases, transferred balances and 
finance charges 


Unlimited mileage earnings 








IEEE Group insurance 


The Group Insurance Program for IEEE members is 
designed to help you provide for your family’s long-term 
financial security. Currently, over 80,000 members 
participate in the Program, using it either as their 
primary income protection or as a cost-effective means 
of supplementing their existing coverage. We encourage 
you to consider taking 
advantage of this valuable 
membership benefit. 


eA MHI 


We realize that everyone’s 
insurance needs are 
different. That’s why we 
offer a variety of high-quality plans, with an array of 
options that allow you to choose the coverage levels 
which meet your needs. 


Call 1 800 493-IEEE (4833) 


For additional 
Financial Advantage information, see the ad 
in this month’s Institute or send an email to 
financial.advantage@ieee .org. 


PM ir L(y 





If you’re not a member, ask for membership 
information when you call. 





LEE-EB We 
Papal ANC. 


DVANTAGE 


mee (OU RhoA M 


Your IEEE Financial Advantage is just 
a simple phone call away. 


Program offered exclusively to IEEE members and their immediate families (spouse, children, parents and siblings). Investments in the Funds are subject to risk and may 
fluctuate in value, and are not deposits, guaranteed by, or obligations of, Chase, and are not insured by the FDIC, Federal Reserve Board or any other government agency. 
The Chase Manhattan Bank, N.A., is the IEEE Balanced Fund’s overall investment adviser, administrator and custodian. Atlanta Capital Management (with the 
Institute of Electrical and Electronics Engineers, Inc.) is the Fund’s sub-adviser and manages the Fund’s portfolio. The Chase Manhattan Bank, N.A., is the adviser for the 
other Funds in the Vista Family of Mutual Funds. Call the above number for prospectuses with more complete information about fees and expenses. Read them carefully 


before investing. 'Equal Housing Lender "Education loans are made by The Chase Manhattan Bank, N.A. 
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DEPARTMENT OF THE ARMY OPPORTUNITIES 


Become a member of the Army’s research and development community involved in basic and applied 
scientific research and advanced technological development. 


Listed below are career opportunities at various Army laboratories and research, development and 
engineering centers for senior research scientists and engineers. 


Senior Research Scientist (Environmental), Vicksburg, Mississippi (DA-ST-01-94) 
Senior Research Scientist (Burn Infections), San Antonio, Texas (DA-ST-02-94) 
Senior Research Scientist (Medical Chemical Defense), Aberdeen, Maryland (DA-ST-03-94) 


Senior Research Scientist (Biotechnology), 


Natick, Massachusetts (DA-ST-04-94) 


Senior Research Scientist (Low Observable Technology), Warren, Michigan (DA-ST-O5-94) 
Senior Research Scientist (Theoretical Physics), Research Triangle Park, North Carolina (DA-ST-O6-94) 
Senior Research Engineer (Aeromechanics), Moffett Field, California (DA-ST-O07-94) 


Senior Research Scientist (Sensors), Adelphi, Maryland (DA-ST-08-94) 


Senior Research Engineer (Information Science & Technology), Adelphi, Maryland (DA-ST-09-94) 
Senior Research Engineer (Ceramic Materials), Watertown, Massachusetts (DA-ST-10-94) 

Senior Research Scientist (Electromagnetics), Fort Monmouth, New Jersey (DA-ST-1 1-94) 

Senior Research Scientist (Soldier Performance), Aberdeen, Maryland (DA-ST-1 2-94) 


Apply To: U.S. Army Materiel Command, 5007 Eisenhower Avenue, ATTN: AMCPE-CS, 
Alexandria, VA 22333-0001 


Applicants should be recognized as national/international authorities in their research specialties. Salaries 
range from $79,931 to $115,700 (plus locality pay) per year. Interested individuals should call 
(703) 274-9415 for application materials. Applications must be postmarked by October 28, 1994. 


The Department of Army is an Equal Opportunity Employer - U.S. Citizenship Required 


Semiconductor 


Engineering Specialists, 
Northern Telecom, Harlow, England. 


At the Harlow Research & Development arm of 
one of the world’s largest telecommunications 
technology providers (59,000 employees, $9 
billion revenues), we take a very serious and well 
funded interest in enabling technologies. 


Our well equipped VLSI Technology Introduction 
Department researches all aspects of 
semiconductor device exploitation, wields a 
major global influence over trends in IC 
utilisation and is internationally recognised. 


We are now looking for two new team members 
who have strong interests, and as broad/deep a 
background as possible, in device physics, 
design, fabrication, mathematical techniques 
and software topics. 


This could equally well have been obtained 
within the semiconductor industry or in a post 
graduate/doctoral research environment. Salary 
will not be a barrier for the right candidate, for 
whom the challenge, benefits and prospects will 
be exceptional. 


To obtain further information, telephone Terry 
Magee INT +44-279-402197, or apply in 
writing, enclosing a CV, to: Helen Wildsmith, 
BNR Europe Ltd., London Road, Harlow 
CM17 9NA, England. 


SOFTWARE 
ENGINEERS 


Picker International, a $1 billion global leader in diag- 
nostic imaging, seeks engineers with 3 years of industry 
experience taking projects from design to delivery, strong 
programming skills in C/C++ under UNIX and a BSE or 
BSCS. Join us at our Cleveland, Ohio headquarters, in 
the following positions: 


INTERNALIZATION: X11R5, Motif 1.2, Solaris 2.x. Job 
#071394. 

NETWORK PROTOCOL: network programming/inte- 
gration, TCP/IP, Sockets, Real-Time Op-Sys. Job #3593. 


TEST DESIGN/SW QA: black box testing, SRS, SDD, 
ISO, UNIX Shells. Job #2793. 


MEDICAL IMAGING: X11R5, Motif 1.2. Job #CT1494. 
SYSTEM TEST: C/UNIX test exp. Job #1294, 


Knowledge of medical imaging is an asset. We offer a 
competitive salary and comprehensive benefits that in- 
clude matching 401(k) and flexible medical options. 
Send resume and salary requirements, indicating Job#, 
to: Picker International, CT Human Resources, 
(Job#), 595 Miner Road, Highland Hts., OH 44143. 
Fax: 216/473-2885, eMail: george @ct.picker.com 


Gil) PICKER 


MORE THAN IMAGES. INSIGHT. 
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The University of 
New Mexico 


College of 
Engineering 


presents the 
ollowing workshops: 


Image Processing 
with Khoros 
Janua 
11 - 13, 1995 
& 
Introductory and 
Advanced 
Fuzzy Logic 
February 
13 - 17, 1995 


For more information 
contact the Professional 
Engineering Development 
Training Center at 


1-800-453-3940 


or 


(505) 277-5875 
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(Continued from p. 18E10) 

Multi-Chip Module Conference-MCMC- 
95 (C, CAS, et al.); Jan. 31-Feb. 2; Cocoanut 
Grove, Santa Cruz, Calif.; Lisa Pascal, Com- 
puter Engineering, University of California, 
Santa Cruz, CA 95064; 408-459-2263; fax, 
408-459-4829; e-mail; lisa@cse.ucsc.edu. 


16th Aerospace Applications Confer- 
ence (AES); Feb. 4-11; Snowmass Village 
Conference Center, Aspen, Colo.; Sohrab 
Mobasser, Jet Propulsion Lab, MS 198-235, 
4800 Oak Grove Dr., Pasadena, CA 91109; 
818-354-4466; e-mail, Sohrab_Mobasser@ 
ccmail.JPL.Nasa.Gov. 


11th Semiconductor Thermal Measure- 
ment and Management Symposium— 
Semitherm XI (CPMT); Feb. 7-9; Red Lion 
Inn, San Jose, Calif; Vincent P. Manno, 
Department of Mechanical Engineering, 
Tufts University, Medford, MA 02155; 617- 
628-5000, ext. 2548; fax, 617-627-3819; e-mail, 
ymanno@pearl.tufts.edu. 


International Solid-State Circuits 
Conference—ISSCC ’95 (SSC, et al.); 
Feb. 15-17; San Francisco Marriott Hotel; 
Diane S. Suiters, Courtesy Associates Inc., 
655 15th Street., N.W., Suite 300, 
Washington, DC 20005; 202-639-4255; fax, 
-347-6109. 


International Topical Symposium on 
Technologies for Wireless Applications 
(MTT); Feb. 21-23; Vancouver Trade and 
Convention Center, B.C., Canada; Peter W. 
Staecker, M/A-Com Inc., 100 Chelmsford 
Street, Lowell, MA 01853-3294; 508-656- 
2607; e-mail, p.staecker@ieee.org; fax, 508- 
656-2777. 


11th International Zurich Symposium 
and Technical Exhibition on Electro- 
magnetic Compatibility (EMC, et al.); 
March 7-9; Swiss Federal Institute of 
Technology, Zurich, Switzerland; Secre- 
tariat, IKT, ETH, Zentrum, CH-8092, 
Zurich, Switzerland; (41+1) 256 2788; fax, 
(41+1) 262 0943. 


Southcon ’95 (Region 3, Florida C); 
March 7-9; Greater Fort Lauderdale/ Bro- 
ward County Convention Center, Florida.; J. 
Carlisle, Electronic Conventions Manage- 
ment, 8110 Airport Blvd., Los Angeles, CA 
90045; 800-877-2668; fax, 310-641-5117. 


National Radio Science Conference 
(ED); March 21-23; Alexandria University, 





Egypt; Ibrahim A. Salem, 17 Elqouba St./3, 
Roxy Heliopolis, Cairo-11341, Egypt; (20+2) 
258 0256; fax, (20+2) 349 8217. 


International Conference on Micro- 
electronic Test Structures (ED); March 
23-25; New Public Hall, Nara, Japan; Loren 
W. Linholm, National Institute of Standards 
and Technology, B-360 Technical Building, 
Gaithersburg, MD 20899; 301-975-2052; fax, 
948-4081; e-mail, linholm@sed.eeel.nist.gov. 


Fourth International Workshop on Res- 
ponsive Computer Systems (CS); March 





29-31; Hotel President, Berlin; Volker 
Tschammer, GMD-Fokus, Hardenbergplatz 
2, D-10623 Berlin, Germany; (49+30) 254 
99 226; fax, (49+30) 254 99 202; e-mail, 
tschammer@fokus.berlin,gmd.d400.de. 


Southeastcon 795 (Region 3, East NC); 
April 2-5; Sheraton Imperial Hotel & Con- 
vention Center, Research Triangle Park, 
N.C.; Charles J. Lord, 108 Huntington Circle, 
Cary, NC 27513; 919-781-8148. 
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SENIOR SIMULATION 
SCIENTIST 


DISTRIBUTED 
SIMULATION 
SYSTEMS 


The Institute for Defense Analyses 
(IDA) has a challenging assignment 
in its Simulation Center which should 
be attractive to an experienced ana- 
lyst with a strong distributed simula- 
tion background. 

This new research staff position 
affords a unique opportunity to assist 
ARPA in developing state-of-the-art 
distributed simulation methods and 
techniques. This person will be prin- 
cipal advisor to the manager of the 
Simulation Center, responsible for 
technical focus on the development 
of future advanced distributed simu- 
lation initiatives. 

We are seeking an individual who is 
a recognized authority in distributed 
simulation. Oral and written commu- 
nications skills are very important. 
We would prefer a background 
which includes a Ph.D. and a proven 
record of accomplishment in dis- 
tributed simulation. 


IDA offers excellent opportunities for 
professional development in a supe- 
rior environment. Expect a competi- 
tive salary, excellent benefits, and 
the chance to contribute substantive- 
ly to the solution of urgent and criti- 
cal problems facing our nation. 

If this kind of future appeals to you, 
we urge you to investigate a career 
with IDA. Please forward your 
resume to: 


Mr. Thomas J. Shirhall 

Manager of Professional Staffing 
Institute for Defense Analyses 
1801 N. Beauregard Street 
Alexandria, VA 22311 


An equal opportunity employer. 
U.S. citizenship is required. 
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NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY 
Research Staff Position 


The Electricity Division of the National Institute of Standards and Tech- 
nology has a research staff position opening for a candidate with Ph.D., or 
equivalent education/experience, in electrical engineering or computer sci- 
ence, to provide leadership to the Automated Electronic Manufacturing 
Program (AEMP) which focuses on electronic commerce and standards for 
electronic/electrical components, assemblies, and systems. Must be familiar 
with CAD/CAM concepts and understand interaction required for inter- 
change of data from one to the other. Is acquainted with such product data 
standards as PDES/STEP, IGES, EDIF, etc., and has understanding of stan- 
dards development and evolution. Works with industry and other agencies 
to develop implementations which exploit the emerging information super- 
highway for benefits of electronics industry. Prepares proposals, plans and 
defines work to be accomplished. Prepares reports, formal papers, presents 
results at professional meetings, technical conferences, and sponsors. Inter- 
ested applicants are requested to call (301) 926-4851 for more detailed posi- 
tion requirements and vacancy announcement. 


The position is for an electronics Engineer or Computer Scientist, PB-IV 
($49,947-$76,733) depending upon qualifications and experience. Please send 
Application for Federal Employment (SF-171) plus transcripts, a supplemen- 
tal statement addressing the above elements, and proof, if claiming veterans 
preference to: Jerry Chambers (NIST-94-1544/JC), Personnel, Admin/A123, 
National Institute of Standards and Technology, Gaithersburg, MD 20899. 
Only those applications postmarked by November 15, 1994 will be considered. 


NIST is an Equal Employment/Affirmative Action Employer. U.S. citi- 
zenship is required. 


ELECTRICAL ENGINEERS 
Monterey, California 


Mission Research Corporation, a nationally 
respected high technology research company, 
seeks exceptionally talented and motivated 
engineers, and programmers. Opportunities are 
available for PhDs or equivalent with back- 
grounds in 


¢ Radar & Communications Systems 
Analysis 

° EM Wave Propagation 

* Tracking of Ballistic Missiles 

¢ Communication Signal Interception 


An opportunity also exists for a BS+ person 
with experience in Windows NT and X- 
Windows GUI development. Send resumes to 


Mission Research Corporation 
2300 Garden Road, Suite 2 
Monterey, CA 93940-5326 


MRC is an EEO/AA employer. 





Diverse Technology... 
Extensive Resources... 
Solid Career Opportunities... 


Atlanta 


Electromagnetic Sciences, Inc. serves wireless communications 
markets throughout the world, with expertise in space satellite technolo- 
gy, antennas, LAN based wireless data communications systems and 
other high-performance electronics. Growth in our Commercial, Space 
and Government operations has led to expansion of engineering 
opportunities in several disciplines. 


Electronics Design — BSEE/MSEE; Digital, Software and 
Analog 


Microwave/RF Design — BSEE/MSEE; Ferrite/MIC/Commercial 
RF 


Communications Systems — Commercial RF communications; 
cellular systems systems; computer networking 
communications 

Program Management — design background, military and 
commercial RF hardware, space 

Systems/Network Analyst — BSCS/EE; ANSI and TCP/IP; 
Customer Support Specialist 

mer a ae — RF design; schematics; Intergraph and/or 


Please send your resume, indicating position of interest along with 
resent salary and/or expectations to: Electro Magnetic Sciences, Inc., 

aren Resources, P.0. Box 7700, Norcross, GA 30091-7700. FAX 

(404) 263-8130. Equal Opportunity Employer. Principals only, please. 


s eC 
@ SCIENCES. INC. 





PURDUE UNIVERSITY, West Lafayette, Indiana 


aU, 


6S Dean, Schools of Engineering 
ole 






Purdue University seeks nominations and applications for the position of 
Dean, Schools of Engineering, West Lafayette campus. Established in 
1869, Purdue is Indiana’s land-grant university and is one hour northwest 
of Indianapolis and two hours south of Chicago. Purdue encompasses 
thirteen Schools, with an enrollment of 35,000 students. The Schools of 
Engineering offer degree programs in: Aeronautics and Astronautics, 
Agricultural, Chemical, Computer, Civil, Electrical, Industrial, Materials, 
Mechanical, and Nuclear Engineering, as well as Construction Engineering 
and Management and Land Surveying Engineering with 300 faculty, 6,400 
undergraduate students, 2,000 graduate students and more than $65 million 
in annual research expenditures. 


















The Dean’s primary role is to provide vision and leadership in the Schools, 
fostering excellence in teaching, research, and service. As chief academic 
and administrative officer, the Dean represents the Schools inside the 
University as well as nationally and internationally. The Dean reports 
directly to the Executive Vice President for Academic Affairs and works 
closely with other deans, vice presidents, and the President. Qualified 
candidates will possess an earned doctoral degree and a distinguished 
record of research and teaching appropriate for a tenured full 
professorship, have demonstrated excellence in academic administration, 
and have a working knowledge of the national research and funding 
environment. 












Nominations and letters of interest should be sent to: Dr. Victor. L. 
Lechtenberg, Chairman; Engineering Dean Search Advisory Committee; 
11140 AGAD, Purdue University; West Lafayette, IN 47907-1140. 
Screening of applications will commence October 15, 1994, and continue 
until the position is filled. 









Purdue University is an equal opportunity - affirmative action employer 
Minority and women candidates are especially encouraged to apply 








Software reviews 


(Continued from p. 74) 
with my license number first. 

The manual has four parts: a tutorial, a 
detailed description, a set of statistical defi- 
nitions, and a set of examples. It is well for- 
matted and easy to read. 

I did, however, find a few rough spots in 
New System. The first occurred in the 
variable selection dialog box. The user is 
provided with several text boxes for various 
analysis and plotting functions, along with a 
list of column names to place in the boxes. 
Nonetheless, although the cursor changes 
to a text bar, it is impossible to type in any 
of the text boxes. Instead, it is necessary to 
click on the column names and drag them 
from the list to the text boxes. Of course, 
the user rapidly adjusts to all this dragging 
and dropping. 

Second, when an ASCII file is being im- 
ported, New System will present a message 
stating that it cannot understand the file 
format. After the user clicks OK, it will go 
on to present a dialog box with a list of for- 
mats to choose from. On several occasions 
I thought I had been stopped by a problem, 
and went on to find there was none. 

In summary, New System is easy to use 
and works well. It does not work as intu- 
itively as some statistical programs I have 
used, but then this is version 1.0. 

If New System’s feature set satisfies your 
requirements, you will find it an enjoyable 
program. Contact: Bill Sanders, BMDP 
Statistical Software Inc., 1440 Sepulveda 
Blvd., Suite 316, Los Angeles, CA 90025; 
310-207-8800, ext. 312; or circle 101. 





Alfred Riddle is the principal at Macallan 
Consulting, Milpitas, Calif. He can be reached at 
408-262-3575 (telephone and fax); e-mail, 
alfy@cup.portal.com. 





Recent software 


CADDS 5, Revision 5. For product 
modeling from design through manufac- 
turing. Includes new associativity, mock-up 
support, and design optimization tools. Now 
supports Digital Equipment’s Alpha AXP, 
Silicon Graphics’ R4000/R4400 series, 
Sun’s Sparc, and Hewlett-Packard’s Apollo 
9000 Series 700. US $3200 and up. Con- 
tact: Computervision Corp., 100 Crosby Dr., 
Bedford, MA 01730-1480; 617-275-1800; 
fax, 617-275-2670; or circle 102. 





ABC ToolKit. For visualizing workflow and 
for documenting, analyzing, measuring, and 
improving performance. Runs on computers 
using Windows 3.1 or higher. US $895. 
Contact: Micrograx Inc., 1303 East Arap- 
aho, Richardson, TX 75081; 800-676-3110; 
fax, 214-994-6334; or circle 103. 





A MUST FOR ALL POWER ENGINEERS! 
A Self-Study Course for Every Power Engineer, 
Including Plant and Utility Engineers at ALL Levels 


From IEEE’s Educational Activities 


FAULT CALCULATIONS OF 
INDUSTRIAL/COMMERCIAL 
POWER SYSTEMS 


By Dr. Frank J. Mercede, P.E., Widener University © ees, 


sspeccsresersecoen 
os 


and practical requirements to perform short-circuit 

calculations on industrial and commercial power distribution systems, 
according to Chapter 6 of the IEEE Red Book (i.e., ANSI/IEEE Standard 141- 
1986). The results of these calculations are then used for the proper selection of 
short-circuit capabilities of low and medium voltage power circuit breakers and 
fuses. This course should be particularly useful to power engineering students and 
practicing power engineers who are employed as plant engineers with heavy indus- 
trial and commercial customers, utility engineers who work at the distribution 
level, and power engineering consultants. 


, | This self-study course reviews the fundamental theory 


Includes: Comprehensive study guide/answer book, final exam, textbook (Power 
Systems Analysis by Arthur Bergen, Prentice Hall), IEEE Red Book ANSI/TEEE 
Standard 141-1986, 8 CEUs, Certificate of Achievement upon completion. 


IEEE Member Price $259.00 
List Price $399.00 
Order Number: HL4598-PZP — ISBN: 0-7803-0350-4 


FOR FASTEST SERVICE 
CALL TOLL FREE (IN USA) 1-800-678-IEEE * FAX 1-908-981-9667 * PHONE 1-908-981-0060 





Announcing a 
New IEEE Videoconference 
Offered in cooperation with ASME 


MECHATRONICS 


Wednesday, November 9, 1994 
12:00 - 3:00 pm ET 


on how the benefits of shorter development cycles, lower costs, 
increased quality, reliability and performance can be realized 
through mechatronics. This program will feature mechatronic system 
design principles and the role of physical and mathematical modeling 
of dynamic systems, control systems, analog and digital control sen- 
sors and actuators, electronics, neural-network and fuzzy logic control, 
analog and digital hybrid mechatronic systems, magnetic bearings, 
active materials, and smart systems. 


Available at per person prices 
to $100 and site prices to $1800. 
Volume discounts available 


Contact IEEE Educational Activities 
for more information 

Dr. Robert Kahrmann 

908 562-5491 « fax 908 981-1686 
email: r.kahrmann@ieee.org 
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Data-acquisition board 
interfaces with Matlab 


The trouble with solving a problem by com- 
bining products from two or more vendors 
is, in a word, incompatibility. For example, 
one could save much of the cost of a stand- 
alone Fourier analyzer by using the popular 
numerical math Matlab package to control 
a data-acquisition box and analyze the data 
it acquires. But first one would have to toil 
away at writing the necessary virtual in- 
strument interfaces in Matlab code. 

Or would one? 

Certainly not if the job had been done 
already, and if the software were bundled 
with the hardware at an attractive price. 
That’s what DSP Technology Inc. has 
produced in its SigLab 20-22, a data-ac- 
quisition and signal-analysis system for 
which the company has developed a total of 
six virtual instrument interfaces written in 
Matlab code. 

The hardware is a two-channel audio-fre- 
quency data-acquisition system with band- 


INSTRUMENTATION 


Measurements mixed to taste 


One of the most frustrating aspects0 of 
designing modern test and measuring 
instruments is that—thanks to advances in 
integrated circuits—features are all too 
often easier to add than to link up with the 
user. Sometimes the feature is inconve- 
nient to invoke, requiring many actions of 
the user. At other times, worse yet, the 
user doesn’t realize that the feature exists. 

Fluke Corp.’s answer to both problems, 
as embodied in its ScopeMeter Series II 
test tool, is to combine a one-button Mea- 
sure Menu with a Continuous Autoset func- 
tion. The first of these automatically con- 
figures the instrument for any of 30 mea- 
surement tasks, while the second automati- 
cally makes whatever attenuator, timebase, 
and other changes are needed as the user 
probes different test points or as the input 
signal varies. 

Basically, the ScopeMeter is a handheld 
instrument combining the functions of a 
3-2/3-digit (3000-count) true-rms digital 
multimeter (DMM) and a 50-MHz digital 
storage oscilloscope. It has a maximum 
sampling rate of 25 megasamples per sec- 
ond, which means that the scope’s full 50- 
MHz analog input bandwidth is useful 
only for repetitive signals. For events of 





Es’ tools & toys 








The SigLab-Matlab combination is being applied here 
in its system-tdentification mode to the job of mea- 
suring and computing a z-plane model of the head- 
positioning system in a disk drive. The task has been 
considerably simplified because the stimulus gen- 
eration, the data acquisition, and the z-plane model- 
ing have all been integrated into a single package. The 
hard-disk drive under test is shown at the left, sitting 


on top of the SigLab box. 


widths selectable from 2 Hz to 20 kHz. It 
includes fixed analog and programmable 
digital filters that provide more than 80 dB 
of antialiasing protection, and its 16-bit 
delta-sigma analog-to-digital converters can 
run at up to 51.2 kilosamples per second. 


this sort, the scope has a timing resolu- 
tion of 400 ps. For single-shot events, the 
highest frequency that can be successful- 
ly displayed is somewhere in the vicinity 
of 5 MHz. 

The new ScopeMeter differs from some 
combination instruments in that it does not 
simply pack two separate tools into one tool- 
box, but sometimes has them work together. 

For example, all ScopeMeter DMM read- 
ings are accompanied by a picture of the 
waveform being measured. Asymmetries, 
noise, glitches, and other anomalies may be 
viewed along with DMM readings, so that the 
user has a much better sense of how the unit 
under test is operating, and what problems it 
might be experiencing. 

The unit can also boast some valuable 
new data-recording features. Its TrendPlot 
function graphs the minimum, maximum, 
and average readings of a signal over in- 
tervals of 2 minutes to 30 days. An enve- 
lope mode provides a record of all of the 
changes to the waveform. With the Series 
Is ability to time-stamp waveforms and to 
show new highs and lows as they occur, the 
user is well equipped to understand (and 
even recreate) the conditions under which 
unusual events occur. 

The instrument runs off a rechargeable 
nickel-cadmium battery, which can typical- 
ly power it for four hours at one go. (The 
running time varies wildly, being heavily 
dependent on the use made of the display 








The software emulates six 
instruments: an oscilloscope; spec- 
trum, network, and swept sine an- 
alyzers; a function generator; and 
a lattice system identifier. When 
the user selects one of the instru- 
ments within the Matlab environ- 
ment, the software presents a gra- 
phic display of the instrument, 
complete with control buttons, 
pick lists, and sliders. Those gra- 
phics objects control both how the 
instrument makes measurements 
and how it processes the data it 
acquires. 

The SigLab box has the same 
footprint as a sheet of standard 
notepaper—216 by 280 mm—and 
is a mere 51 mm thick. It weighs 
2.0 kg. Its internal nickel-cadmium 
battery powers it for up to three hours. 

The standard system sells for less than 
US $5000. It is available from stock. Con- 
tact: DSP. Technology Inc., 48500 Kato Rd., 
Fremont, CA 94538-7385; 510-657-7555; 
Jax, 510-657-7576; or circle 106. 





screen’s electroluminescent backlight.) 
When necessary, the ScopeMeter may also 
be run off four alkaline C cells. 

The ScopeMeter Series II is actually 
four products. At the top of the line is the 
Model 99, a dual-channel instrument capa- 
ble of storing 10 screens, 20 waveforms, 
and 40 set-ups. It has a standard repertoire 
of 18 meter measurements and 15 scope 
cursor measurements. In addition, it can 
perform waveform mathematics, and has a 
built-in signal generator. With optional soft- 
ware, it may be fully controlled by means of 
a host computer through its serial port. It 
has a price of $2195. 

The Model 96 is similar, with three excep- 
tions: it stores only 5 screens, 10 waveforms, 
and 20 set-ups; it can use a host computer 
only as a printer; and it has no signal gen- 
eration or waveform mathematics capabili- 
ties. It sells for $1895. 

The Model 92, in turn, is like the Model 
96 except that it has none of the latter’s 
memories, cannot make cursor measure- 
ments, and simply sends its screens to a 
host personal computer. Its price is $1595. 

Fourth and finally, the Model 91 is a 
one-channel version of the Model 92. It 
sells for just $1295. 

All four units are available from Fluke 
distributors worldwide. Contact: Fluke 
Corp., Box 9090, Everett, WA 98206-9090; 
206-356-5500; toll-free, 800-44-Fluke 
(800-443-5853); in Europe, Fluke Europe 
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Tools & toys 


B.V., Box 1186, Eindhoven, the Nether- 
lands; (31+40) 644-200; fax, (31+40) 644- 
222; or circle 107. 








PC-based scope works with Windows 


Keithley MetraByte’s PCIP-Scope—a 
plug-in board and software combination for 
turning an IBM-type personal computer 
into an oscilloscope—is now available in a 
version that runs under Microsoft Win- 
dows. This not only gives the virtual in- 
strument a familiar-looking user interface, 
but it also simplifies the business of im- 
porting or exporting data from or to other 
Windows applications. 

The two-channel scope has a maximum 
real-time sampling rate of 20 megasamples 
per second; however, for repetitive signals, 
an interlaced sampling mode allows an equiv- 
alent sampling rate of 500 megasamples per 
second. The scope has an analog input band- 
width of 10 MHz. Its 2048-sample memory 
may be allocated to one channel or split 
between the two. 

VisualScope for Windows, the product’s 
new software portion , lets the user display 
up to four signals simultaneously. In particu- 


Wacustent 


ALGORITHMIC 


KNOWLEDGE BASED 


CAD 


for 


VLSI 


Edited by 
GAYNOR TAYLOR 


an 
GORDON RUSSELL 


Algorithmic and Knowledge- 
Based CAD for VLSI 


G.E. Taylor and G. 
The aim of this book is to sample 





The Windows version of. Keithley MetraByte’ $ 


PCIP-Scope turns an IBM-type personal 
computer into a digital oscilloscope with a 
sampling rate of 20 megasamples per second. 
Its user interface looks a lot like the front 
panel of a traditional bench-top oscilloscope. 


lar, it allows previously saved or calculated 
waveforms to be compared with live inputs. 
Cursors let the user measure time intervals, 
amplitudes, and frequencies directly. 

Dual timebase windowing makes it easy 
to zoom in on a desired segment of a wave- 
form. All told, the scope can automatically 
make 14 measurements, including root- 
mean-square values, rise and fall times, and 


$72.00 
Russell (Eds) 


and Systems 








duty cycles. In addition, of 
course, users may employ its 
built-in signal calculator to 
make many other measure- 
ments and computations. 

The PCIP-Scope is priced 
at $1199. A software upgrade 
for previous releases of the 
scope sells for $99. The prod- 
uct is available from stock. 
Contact: Keithley MetraByte, 
440 Myles Standish Blvd., 
Taunton, MA 02780; 800- 
348-0033; or circle 108. 





NEW AND NOTEWORTHY 


° To help test-engineers promote boundary- 
scan test strategies within their companies, 
Alpine Image Systems Inc., Mountain View, 
Calif., has updated its ChampionChip List, a 
compilation of commercially available parts 
that comply with the IEEE 1149.1 boun- 
dary-scan specification. The list covers a 
total of 224 parts from 59 vendors. For a free 
copy, call Ellis Goldberg at 415-941-3247, or fax 
him at 415-941-7642, or circle 109. 





COORDINATOR: Michael J. Riezenman 
CONSULTANT: Paul A.T. Wolfgang, 
Boeing Defense & Space Group 


tm =New IEE Books 


Neural Networks for Control 


$72.00 


K. Warwick, G. Irwin.and K. Hunt (Eds) 
The aim of this book is to provide an introduction 





the present state-of-the-art in CAD 
for VLSI and cover newly developed algorithms and 
applications of techniques from the AI community. 
288 pp., 229 x 148mm, Casebound 
ISBN: 0 86341 267 x - 1992 Circuits & Systems Series #4 


Applied Artificial Intelligence 
K. Warwick (Ed) 

This book provides an introduction to the selection 
and application of artificial intelligence tools. 


240 pp., 229 x 148mm, Casebound 
ISBN: 0 86341 245 9 - 1991 Computing Series #19 


$65.00 


to, and overview of, the present state of neural 
network research and development with particular 
reference to systems and control application studies. 


260 pp., 229 x 148mm, Casebound 
ISBN: 0 86341 279 3 - 1992 Control Series #46 


Artificial Neural Networks 


Second International Conference 

Held November 18 - 20, 1991 at Bournemouth 
International Centre, UK 

383pp., 72 papers, 297 x 210mm, Softcover 

ISBN: 0 85296 653 11 - 1991 IEE Conference #349 


$104.00 


ALL MAJOR CREDIT CARDS ACCEPTED 
Call or write for our latest publications catalog! 


Be 
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ESE Ss) 


The following listings of interest to IEEE members have 
been placed by educational, government, and industrial 
organizations as well as by individuals seeking po- 
sitions. To respond, apply in writing to the address given 
or to the box number listed in care of Spectrum 
Magazine, Classified Employment Opportunities 
Department, 345 E. 47th St., New York, N.Y. 10017. 


ADVERTISING RATES 

Positions open—$40.00 per line, not agency- 
commissionable. 

Positions wanted—$40.00 per line, a 50% 
discount for IEEE members who supply their mem- 
bership numbers with advertising copy. 


All classified advertising copy must be received by the 
2oth of the month, two months preceding the date of 
issue. No telephone orders accepted. For further in- 
formation call 212-705-7578. 


IEEE encourages employers to offer salaries that are 
competitive, but occasionally a salary may be offered 
that is significantly below currently acceptable levels. 
In such cases the reader may wish to inquire of the 
employer whether extenuating circumstances apply. 


me as a ie 
Academic Positions Open 


Hong Kong University of Science and 
Li ced ace Department of Electrical & 
Electronic apes invites application for 
tenure-track faculty positions for all ranks 
(Professor, Reader, Senior Lecturer and 
Lecturer) for onenings starting in January and 
July 1995. The EEE Department at HKUST was 
established in 1991 and offers BEng. in 
Electronic Engineering and MSc., MPhil. and 
Ph.D in Electrical and Electronic Engineering. 
The Department currently has over 500 under- 
graduate students and 120 postgraduate 
Students with about 40 full time faculty members 
and 40 support staff. We are expecting to have 
10 new faculty openings in 1995 to allow the 
Department to grow to 50 full time facult 

members. The Department is planning to reac 

a full size of 65 full time faculty members by 1998 
with more than 100 support and research staff. 
The Department has major research interests in 
Integrated Circuits Design; Microelectronics; 
Photonics; Sensors and _ Instrumentation 
Systems; Communications and Control; Circuits, 
Signals and Systems; Robotics and CAD/CAM; 
Computer Engineering and Bioengineering. We 
are particularly interested in qualified applicants 
with relevant teaching and research experience 
in VLSI Circuits Design and_ Tests, 
Microelectronics Devices and Technology, 
Photonics, Optoelectronics, Microwave Elec- 
tronics, Microsensors and Micromachines, 
Biomedical Sensors and Bioinstrumentation, 
Circuits and Systems Theory, Signal Processing, 
Wireless Communications, Video Technology, 
Robotics and Control. We are also interested in 
applicants with expertise in Computer 
Architecture, Computer Hardware Design and 
Computer Networking for our Computer 
ee Programme. Applicants should have 
a PhD with demonstratable experience in 
teaching and research. We are particularly in- 
terested in applicants in the areas of microelec- 
tronics, communications, networking and 
computer engineering for senior faculty ppenungs. 
The Department has excellent facilities for 
teaching and research with 20 modern teaching 
and research laboratories. The University has 
central research facilities including a complete 
Microelectronics Fabrication Centre (MFC) anda 
well-equipped Material Preparation and 
Characterization Centre (MCPC). All formal in- 
structions are given in English. Salary ranges are 
from USD 48,400 to USD 80,800 per annum for 
Lecturer; USD 75,100 to USD 104,100 per 
annum for Senior Lecturer and Reader; and a 
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minimum of USD 107,300 per annum for 
Professor in 1993-4. Salaries in 1994-5 are ex- 
ected to increase es approximately 9%. General 
ringe benefits including medical and dental 
benefits, annual leave, and children’s education 
allowances are provided. Air passages and 
housing are also provided where applicable. 
Initial appointments will generally be on three- 
yee contract terms; a gratuity of 25% of the total 
asic salary drawn will be payable upon suc- 
cessful completion of contract. Re-appointment 
after the initial contract will be subject to mutual 
agreement. Applications including full curriculum 
vitae, list of publication, and names, addresses 
and phone numbers of at least five references 
should be directed to: Professor Peter Cheung, 
Head, Department of Electrical and Electronic 
Brigineenng, Hong Kong University of Science 
and Technology, Clear Water Bay, Kowloon, 
Hong Kong. Applications will be considered until 
all the positions are filled. 


Washington State University at Tri-Cities, 
School of Electrical Engineering and 
Computer Science: One faculty position at the 
Assistant or Associate Professor level is 
available starting at the beginning of the 1995- 
96 academic year, sited at WSU Tri-Cities in 
Richland, WA. A PhD in electrical engineering 
or a closely related field is required. The suc- 
cessful candidate will contribute to instruction at 
the undergraduate and graduate levels in elec- 
trical engineering and maintain an active re- 
search program. Areas of research interest 
include power, computer engineering, the non- 
destructive testing of materials, and electro- 
magnetic field theory. Industrial experience is 
desirable. Applicants should provide a resume 
and a list of three references including ad- 
dresses, phone numbers and the rank they are 
applying for. First deadline for applications is 
October 30, 1994 but applications will be enter- 
tained until position is filled. Address corre- 
spondence: Chair, Search Committee EECS, 
WSU Tri-Cities, 100 Sprout Road, Richland, WA 
99352. WSU is an EO/AA educator and em- 
ployer. Protected group members are en- 
couraged to apply. 


Chair in Photonic Systems: The Department 
of Electrical Engineering of McGill University is 
seeking an incumbent for its Chair in Photonics 
Systems. This Chair is funded by Bell Northern 
Research and Northern Telecom Ltd, McGill 
University and the Natural Sciences and 
Engineering Research Council (NSERC) of 
Canada through their Industrial Research Chair 
(IRC) program. The successful candidate must 
be an internationally recognized authority, 
preferably working at the interface between 
photonic devices and systems, with outstanding 
scientific and leadership qualities that can 
maintain. the Department of Electrical 
Engineering at the forefront of research in 
Photonic Systems. An important condition for 
achieving this goal is the appointee’s ability to 
strengthen our academic pfograms for both 
graduate and undergraduate students. The po- 
sition carries a highly competitive salary, junior 
faculty positions specifically designated in 
Photonics systems, necessary laboratory space 
and, above all, strong University support for the 
above stated goals. Enquiries including an 
updated Curriculum Vitae and the names of at 
least three references should be sent to 
Professor Nicholas C. Rumin, Chairman, 
Department of Electrical Engineering, McGill 
Oe 3480 University Street, Montreal, 
Quebec, H3A 2A7, Canada. In accordance with 
Canadian Immigration requirements, this ad- 
vertisement is directed to Canadian citizens and 

ermanent residents of Canada. McGill 

niversity is committed to equity in employment. 


Chair, Department of Electrical Engineering: 
The University of Missouri-Rolla ae Is 
seeking an outstanding individual to fill the po- 
sition of Chair, Department of Electrical 
Engineering. Rolla is located in the Ozarks 
region of South Central Missouri, approximately 
100 miles southwest of St. Louis. UMR is one 
campus of the four-campus University of 
Missouri System and has as its major emphasis 
undergraduate and graduate education in engi- 





hearin and science. The Department offers 
B.S., M.S., and Ph.D. degrees with emphasis in 
all major areas of electrical engineering. 
Candidates should have an earned doctorate in 
electrical engineering or a closely related field 
and should have an established reputation in 
both educational and research activities. The 
Chair will be responsible for the continued de- 
velopment of the faculty, the undergraduate 
and graduate programs, and the research ac- 
tivities within the Department. Applications, in- 
cluding a resume and list of three references, 
and nominations for this position should be sent 
to: Dr. Paul Stigall, EE Search Committee 
Chair, Room 101 ERL, University of Missouri- 
Rolla, Rolla, MO 65401. The deadline for 
receipt of applications is November 15, 1994. 
UMR is an equal opportunity/affirmative action 
employer. 


Lehigh University: The Department of 
Electrical Engineering and Computer Science 
seeks applicants for a tenure-track faculty po- 
sition. Candidates must have a PhD in computer 
SNe R a cee science, or electrical en- 
gineering. We eee a strong commitment to 
teaching and evidence of innovative research 
through appropriate journal publications. 
Preferred areas include: computer architecture, 
manufacturing applications, networking, opto- 
electronics, and software systems. We offer 
programs in computer eee computer 
science and electrical engineering leading to a 
PhD degree. Lehigh University is an affirmative 
action/equal opportunity employer. Women and 
minorities are encouraged to apply. Please send 
vita and names of at least three references to Dr. 
Alastair McAulay, Faculty Search Committee, 
Department of Electrical Engineering and 
Computer Science, Lehigh University, 19 
Memorial Drive West, Bethlehem, PA 18015. 


Chair, Department of Electrical Engineering: 
The University of Texas at Arlington invites ap- 
plleations for the position of Chairperson, 

epartment of Electrical Engineering. Duties will 
assume in summer or fall of 1995. Candidates 
should hold an earned doctorate in Electrical 
Engineering, have a commitment to educational 
programs at both the undergraduate and 
graduate levels, and be recognized as a leader 
in research and education. The Chairperson will 
provide leadership in the ongoing growth of the 
department, including fostering strong rela- 
tionships with government agencies and the ex- 
tensive Dallas/Ft. Worth industry. UTA has 
23,000 students and the largest College of 
Engineering in north Texas. The EE Department 
is situated in a new building and has 30 full time 
faculty, 500 undergraduate students, 300 
masters students, and 100 Ph.D. students. 
Facilities include 67,000 sq. ft. of research and 
educational laboratories in: the NSF 
Industry/University Center for Electronic 
Materials, Devices and Systems, the Wave 
Scattering and Remote Sensing Research 
Center, the Energy Systems Research Center, 
the Human Systems and Performance Institute, 
the Medical Imaging Laboratory, the Applied 
Physical Electronics Center, the Electro-Optics 
Laboratory, and Telecommunications and 
Signal/Image Processing Laboratories. UTA’s 
Automation and Robotics Research Institute 
provides 48,000 sq. ft. of additional facilities for 
interdisciplinary R&D in manufacturing, robotics, 
and controls. The EE Department has ae 
nificant external funding from NSF, DoD, ARPA, 
and other government agencies, as well as from 
local Dallas/Fort Worth industry. A complete 
resume and the names of five references should 
be sent to: Professor Don Wilson, EE Chairman 
Search Committee, Box 19016, The University 
of Texas at Aeon) Arlington, Texas 76019. 
Tel. 817-273-2603, fax. 817-794-5010, email 
wilson @mecad.uta.edu. UTA is an affirmative 
action equal opportunity employer. 


The University of Cincinnati, Electrical and 
Computer Engineering Department. Appli- 
cations are solicited for a tenure track Assistant 
Professor faculty position in the Department of 
Electrical and Computer Engineering starting 
January, 1995. The prospective faculty member 
should have an earned Ph.D. in Electrical 
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Engineering. S/He is expected to develop a re- 
search program with external funding and doc- 
umented scholarship and to collaborate with es- 
tablished research programs in the area of 
millimeter-wave and photonic devices, circuits 
and systems. Applicants with expertise in epi- 
taxial growth (particularly MOCVD) of Ill-V semi- 
conductors will be preferred. An Aixtron Model 
200 reactor and associated state-of-the-art x-ray 
and photoluminescence characterization fa- 
cilities are available. The Department offers 
MS/Ph.D. programs in electrical engineering, 
computer sooner oe and computing sciences 
as well as an ABET fully-accredited under- 
pesuee program in Electrical and Computer 

ngineering. The Department has 30 full-time 
faculty, 200 full-time graduate students, 400 un- 
dergraduate students. Curriculum vitae and the 
names of four references should be sent to: Prof. 
Peter B. Kosel, Interim Head, Electrical and 
Computer Engineering Department, P.O. Box 
210030, University of Cincinnati, Cincinnati, Ohio 
45221-0030. The University of Cincinnati is an 
Affirmative Action/Equal Opportunity employer 
and encourages and welcomes applications 
from women and minorities. 


Faculty Positions available in Electrical 
Engineering and Computer Science, The 
University of Michigan, Ann Arbor, Michigan: 
Applications are solicited for faculty positions in 
the computer science and engineering division 
at all ranks. Qualifications include an out- 
standing academic record, significant in- 
volvement in research, a doctorate or equivalent 
in electrical engineering, computer engineering, 
or epee science, anda ateeg commitment 
to teaching and research. Particular areas of in- 
terest include: Multimedia, high-performance 
computer networks, software for distributed 
systems and compiler-based computer archi- 
tecture. Please send resume and names of five 
references to: Professor Toby J. Teorey, Chair 
of the Faculty Search Committee, CSE Division, 
Department of Electrical Engineering & 
Computer Science, The University of Michigan, 
1301 Beal Avenue, Room 3401, Ann Arbor, MI 
48109-2122. An Equal Opportunity/Affirmative 
Action Employer. 


Faculty Positions available in Electrical 
Engineering and Computer Science, The 
University of Michigan, Ann Arbor, Michigan: 
Applications are solicited for faculty positions in 
Electrical Engineering and Computer Science at 
all ranks. Qualifications include an outstanding 
academic record, significant involvement in re- 
search, a doctorate or equivalent in electrical 
engineering, computer engineering, or computer 
science, and a strong commitment to teaching 
and research. Particular areas of interest 
include: Solid-state electronics and manufac- 
turing; signal processing; ultrafast optics and 
high intensity laser interaction with solids; 
display technology; multimedia, high-per- 
formance communication networks; software; 
distributed systems and computer architecture. 
Please send resume and names of five ref- 
erences to: Professor George |. Haddad, Chair, 
Department of Electrical Engineering & 
Computer Science, 1301 Beal Avenue, Room 
3303, The University of Michigan, Ann Arbor, MI 
48109-2122. An Equal Opportunity/Affirmative 
Action Employer. 


The Department of Electrical and Computer 
Engineering, The University of Texas at 
Austin, invites applications for tenure-track po- 
sitions at the assistant professor level, in the 
area of computer engineering. Applicants must 
demonstrate exceptional teaching ability and re- 
search potential. Excellent English communi- 
cation skills are required. Applicants, who do not 
hold a Ph.D., must be making satisfactory 
progress toward a Ph.D. or equivalent in elec- 
trical engineering, computer engineering or a 
related area, with a reasonable expectation of 
completion by August 31, 1995. Successful can- 
didates are expected to pursue an active re- 
search program, perform both undergraduate 
and graduate teaching, and supervise graduate 
students. Priority will be given to applications re- 
ceived by February 1, 1995. Send letter of ap- 
plication, vita and a list of addresses for at least 
three references to the following address: Dr. 
Stephen A. parapet Chairman, Department 
of Electrical and Computer Engineering, The 
University of Texas at Austin is an Equal 
Opportunity/Affirmative Action Employer. 
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Department Chair, Electrical and Computer 
Engineering, West Virginia University: 
Nominations and applications for the position of 
Chairperson are invited. Preference will be 
aves to applications for the position of 

hairperson are invited. Preference will be 
over to applications received by January 31, 

995. The search will continue until the position 
is filled. Candidates must have a Ph.D. in 
Electrical or Computer Engineering or a related 
discipline and should demonstrate excellence in 
teaching, research and ongoing scholarly ac- 
tivities which qualify the individual for full pro- 
fessor position. The chairperson is expected to 
provide leadership and vision for the department 
and should communicate effectively with 
alumni, faculty, other chairs and higher admin- 
istration within the university. The chairperson 
should take an active role in faculty devel- 
opment and work closely with the faculty to 
plomele quality peecind and research. The 

epartment offers ABET accredited BS. 
degrees and M.S. and Ph.D degrees in 
Electrical and Computer Engineering. It has 17 
faculty members, 250 undergraduate students 
and 80 graduate students. West Virginia 
University is the State’s only comprehensive 
land grant, doctoral granting university with an 
enrollment of 23, 000 students. The University 
is at the center of a developing high technology 
corridor. The department is playing a major 
leadership role in its development. Several 
federal research facilities are located nearby. 
Morgantown is a scenic, diverse community of 
45,000 situated 70 miles south of Pittsburgh, 
PA. Applications should include a letter of in- 
terest, resume, and the names of three ref- 
erences. Women and minorities are encouraged 
to eee Send applications and nominations to: 
Dr. Ralph W. Plummer, Chair of the ECE Chair 
Search Committee, P.O. Box 6107, West 
Virginia University, Morgantown WV 26506- 
6107. For additional information, telephone 
(304) 293-5131 ext 716 or send email to: 
chair_search@ece.wvu.edu West Virginia 
University is an equal opportunity affirmative 
action institution. 


Post Doc: microfabrication of polymer ac- 
tuators. Contact E. Smela: smela @ifm.liu.se; 
fax +46 13 137568; Applied Physics Dept., 
Linképing Univ., 58183 Linképing, Sweden. 


Assistant/Associate Professor: The Applied 
Science Department of the University of 
Arkansas at Little Rock (UALR) invites appli- 
cations for a full-time tenure track ecu po- 
sition at the Assistant/Associate Professor level. 
A Doctorate in Electrical Engineering or related 
field is required. The position will be filled as 
early as January 1, 1995. The Department is an 
interdisciplinary graduate level only program of- 
fering the M.S. and Ph.D. degrees. The 
Department emphasizes applied research in 
optics, electronics and signal processing and 
their ape eanene to the measurement and 
control field. The successful candidate will have 
experience in one or more of the following 
areas: signal processing, microprocessor appli- 
cations, instrumentation, or analog and digital 
communications. He/She will be expected to 
teach and develop graduate courses, supervise 
graduate students, and establish independent 
sponsored research programs. Industrial expe- 
rience is desirable. Apply with a letter stating 
professional objectives, resume, and the names 
of three references to Dr. Emil C. Muly, Chair, 
Department of Applied Sciences, The University 
of Arkansas at Little Rock, ETAS 575, 2801 
South University, Little Rock, AR 72204-1099. 
The University of Arkansas at Little Rock is an 
equal opportunity affirmative action employer 
and actively seeks the candidacy of minorities, 
women, Vietnam era veterans and persons with 
disabilities. Under Arkansas law, all applications 
are subject to disclosure. 


University of Notre Dame, Electrical Engin- 
eering: The Department of Electrical 
Engineering has an open junior (tenure track) 
faculty position in the general area of 
Communication py prerne: Specific areas 
include, but are not limited to, wireless, video, 
multimedia, and secure_ communication. 
Applicants should have a Ph.D. in Electrical 
Engineering or a related field. The Department 
offers B.S., M.S., and Ph.D. programs in 
Electrical Engineering and has 150 under- 
graduate students, 75 full time graduate 





students, and 22 faculty. Active research 
programs exist in two broad areas: Electronic 
Circuits and Systems and Electronic Materials 
and Devices. Applicants should have interest in 
teaching at the undergraduate and graduate 
levels, advising students, and conducting re- 
search. Rank and salary are negotiable. 
Interested persons should submit a complete 
resume and names of three references to: Dr. 
Daniel J. Costello, Chairman, Department of 
Electrical Engineering, University of Notre 
Dame, Notre Dame, Indiana 46556. The 
University of Notre Dame is an Affirmative 
Action/Equal Opportunity Employer. 


The University of Nevada, Reno invites appli- 
cations and nominations for the position of Dean 
of Engineering. A comprehensive, land-grant in- 
stitution, the University has an enrollment of ap- 
proximately 8,600 undergraduate students and 
3,000 graduate students in 9 colleges and 
schools. Within the College are Departments of 
Civil Engineering, Computer Sciences, 
Electrical Engineering and Mechanical 
ak phe Approximately 900 undergraduate 
and 300 graduate students are currently en- 
rolled in the College’s programs. Faculty and 
students also participate In multidisciplinary 
programs such as hydrology and environmental 
engineering. The College has built new facilities 
in the past three years and has also added the 
University’s computer science program. With 
these additions and with a talented faculty it is 
expected that the College will play a significant 
role in the diversification of Nevada’s economy 
that takes place over the next ten years. The 
Dean is the chief academic and administrative 
officer of the College and reports to the Vice 
President for Academic Affairs. The successful 
candidate must: have an earned doctorate and 
a record of teaching, scholarship, research and 
service appropriate for a tenured full professor 
in one of the arlene departments, have 
roven leadership skills and significant admin- 
istrative experience in education, industry, or 
government, with line authority for personnel 
and budget. Preference will be given to can- 
didates who: demonstrate the ability to develop 
a strategic vision irowan planning; enhance di- 
versity of student body and faculty; commu- 
nicate effectively with faculty, students, 
business leaders and the public; raise funds in 
support of the College’s educational and re- 
search missions and strengthen ties with 
College stakeholders. Persons interested in 
being considered for the position, or who know 
of qualified individuals who should be con- 
sidered, please write or call the Chair of the 
Search Committee: Dr. James L. Hendrix, 
Dean’s Office, College of En pores 
University of Nevada, Reno, Mail Stop 256, 
Reno, Nevada 89557. Professor Hendrix can be 
reached at (702) 784-6925 or 6987; faxes 
should be sent to (702) 784-4466. Applicants 
should include a letter of application, a cur- 
riculum vitae and the names and telephone 
numbers of 5 references. The letter of appli- 
cation should include a description of the can- 
didate’s administrative style and comments 
relative to a college of engineering’s role within 
a land-grant university. Review of applications 
will begin November 15, 1994. Applications will 
be accepted until the position is filled. It is an- 
ticipated the successful candidate will be able to 
assume the position July 1, 1995. The 
University of Nevada, Reno is an affirmative 
action/equal opportunity employer. 


Announcement: Electrical and Systems 
Engineering (ESE): Oakland University (O.U.) 
invites applications for a tenured or tenure-track 
faculty position involving both research and 
teaching. Primary areas of interest include 
Manufacturing Systems (CIM/FMS), Quality 
Control, CAD/CAM, Production Systems; back- 
ground in Engineering Management is de- 
sirable. Candidates must have an earned Ph.D. 
in engineering. Located in southeastern 
Michigan, O.U. is a state-assisted institution en- 
rolling 12,000 students. The ESE under- 

raduate programs are ABET accredited; M.S. 
Gn systems engineering, electrical and 
computer engineering, and engineering man- 
agement) and Ph.D. programs have about 200 
students. The department is funded with grants 
from government, industry and the State of 
Michigan. Adjacent to campus is one of the 
fastest growing technology parks in the U.S. 
Send current resume, statement concerning 
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teaching and research interests, and a list of 
three references to: Professor Naim A. Kheir, 
Chair, ESE Department, Oakland University, 
Rochester, MI 48309-4401. Citizenship and/or 
immigration status should be stated. Review of 
applications will begin December 1, 1994. O.U. 
is an Equal Opportunity and Affirmative Action 
employer and encourages applications from 
women and minorities. 


Graduate Research Assistantships are 
available for eeu students pursuing the 
M.S. or Ph.D. degrees in Electric Power 
Systems at Clemson University. Funding is 
available through Clemson University Electric 
Power Research Associations (CUEPRA), NSF, 
and research contracts with power companies. 
Research assistantships consist of a monthly 
stipend and tuition fee reduction. For United 
States citizens, Industrial fellowships are also 
available, on a competitive basis. For further in- 
formation, contact Dr. Adly A. Girgis, ECE 
Department, Clemson University, Clemson, SC 
29634-0915. 


Head, Department of Electrical and Computer 
Engineering: Clemson University, the land 
grant university of South Carolina, invites appli- 
cations and nominations for this position. The 
College of Engineering is the core of the 
University and is playing a very important role in 
the economic development of South Carolina. 
Both the electrical engineering and computer en- 
Recee programs are ABET accredited. The 
epartment offers B.S., M.S., and Ph.D. 
degrees in each program with approximately 451 
undergraduates (not including treshmen), 170 
graduate students and 34 full-time faculty po- 
sitions. Last year, sponsored research exceeded 
$2 million. Required qualifications include: (i) 
earned doctorate and qualification for ap- 
pointment as full professor, (ii) vision and com- 
mitment to planning, (iii) demonstrated adminis- 
trative and leadership ability and (iv) ability to 
develop consensus and promote the well bein 
of the department and the college. Send letter o' 
application, names of at least three references 
and a curriculum vitae or a letter of nomination 
to: Chair ECE Department Head Search 
Committee, 109 Riggs Hall, Box 340901, 
Clemson, SC 29634. Review of applicant’s file 
will begin December 1, and will continue until the 
position is filled. Clemson University is an Equal 
Opportunity/Affirmative Action Employer. Women 
and minority candidates are encouraged to apply. 


Rice University, Department of Electrical and 
Computer Engineering, is seeking imaginative 
and Was candidates with an exceptional 
record of research accomplishments in the area 
of electronic materials for the Stanley C. Moore 
Chair in Engineering. The successful candidate 
is expected to perform an innovative research 
program in an area of electronic materials 
and/or devices which transcends traditional 
boundaries. Of particular interest is research 
being performed on the nanometer scale, com- 
plementing the newly-announced Nanotech- 
nology Initiative at Rice, the Rice Quantum 
Institute, and the Physical Electronics group of 
the ECE Department. The candidate must also 
have a strong commitment to teaching at both 
the undergraduate and graduate level. 
Candidates should send a resume, including 
names of references and a research de- 
scription, to the Chair, ECE Department, Rice 
University, Houston, TX 77251-1892. 
Gea should be received by January 1, 
1995. Rice University is committed to attracting 
qualified persons of diverse backgrounds to its 
faculty, and is an Equal Opportunity/Affirmative 
Action Employer. 


The Electrical Engineering-Electrophysics 
oar of the University of Southern 
California invites aera or tenure-track 
faculty positions at the assistant professor level 
in the areas of Circuits and Analog Microelec- 
tronics. Candidates must have a Ph.D. and 
strong interest in teaching, research, and su- 
pervising M.S. and Ph.D. candidates. Resume 
and names of three references should be sent 
to Prof. H.H. Kuehl, Chair, EE-EP, PHE 604, 
University of Southern California, Los Angeles, 
CA 90089-0271. 
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CLASSIFIED EMPLOYMENT OPPORTUNITIES 


Dean, Thayer School of Engineering, Dartmouth 
College: Applicants should have a doctoral 
degree in engineering or a closely-related field 
and be eligible for a tenured full professorship in 
engineering as demonstrated by experience and 
excellence in teaching and research. Send your 
nomination, or application with supporting ma- 
terials, to Professor Bengt Sonnerup, Chair, 
Thayer School Dean Search Committee, 6004 
Parkhurst Hall, Dartmouth College, Hanover, 
NH 03755-3529 (Inquiries: 603/646-2883; 
She pe er aecor Review process 
starts in October 1994. Dartmouth College is an 
Affirmative Action, Equal Opportunity Employer. 


The Queen’s University of Belfast, Royal 
Academy of Engineering/Northern Telecom 
Research Chair of Telecommunications Systems 
Engineering, School of Electrical Engineering and 
Computer Science: Applications are invited for a 
new Research Chair which has been established 
in the Department of Electrical and Electronic 
See (rated 5 by the Universities Fundin 
Council). This prestigious position is being funde 
by Northern Telecom and the Eo Academy of 
ngineering. The principal aim of the Chair is to 
establish and lead a research group of interna- 
tional standing in Telecommunications Systems 
Engineering at Queen’s. Major emphasis will be 
placed on the quality of the research of the ap- 
plicant; however an interest in the development of 
research in telecommunication transmission 
systems would be an advantage, as this is directly 
relevant to the industrial sponsor, Northern 
Telecom. Applicants must have a degree or 
cae in electrical/electronic engineering or a 
related subject, a PhD or equivalent in a relevant 
field and an international reputation in telecom- 
munications research. A minimum of six years of 
research experience is essential. Experience of 
working with, or in, industry is desirable, as the ap- 
tra will be expected to collaborate with 
orthern Telecom and BNR worldwide in this 
challenging area of research. Enquiries may be 
directed to Professor F J Smith, Director of the 
School of Electrical Engineering and Computer 
Science (telephone (0232) 245133 ext 4072, Fax 
(0232) 666520). Salary is within the professorial 
range, with eligibility for USS, and there is an at- 
tractive package to assist with relocation and re- 
settlement SL Further particulars are 
available from the Personnel Officer, The Queen’s 
University of Belfast, BT7 1NN Northern Ireland 
telephone (0232) 245133 ext. 3044/3246 or Fax 
0232) 324944/310629). Closing date: 14 October 
994. Committed to an Equal Opportunities policy 
and selection on merit, the University welcomes 
applications from all sections of the community. 
nder its affirmative action programme it partic- 
Held welcomes applications from women for 
academic posts. It reserves the right to interview 
only those applicants who appear, from the infor- 
mation available, to be the most suitable in terms 
of experience, qualifications and other re- 
quirements of the post advertised. 


University of Maryland, or ete tt of 
Electrica Prgineeas The University of 
Maryland_at College Park Department of 
Electrical Evdineeng expects to have openings 
for regular faculty positions starting either 
January or August 1995. Applicants at all ranks 
will be considered. Candidates for the rank of 
Assistant Professor should have a high potential 
for both teaching and research. Candidates for 
the ranks of Associate and Full Professor 
should have distinguished records in research 
and a strong interest in educational programs. 
Applications, including resume, list of publi- 
cations, and the names of at least four ref- 
erences should be sent to Dr. Nariman 
Farvardin, Acting Chair, Department of 
Electrical Engineering, University of Mayland at 
College Park, College Park, MD 20742. The 
University of Maryland is an equal opportunity, 
affirmative action employer with a strong com- 
mitment to the principle of diversity. In that spirit, 
applications from minority groups and women 
are especially invited. 


Cornell University - Faculty Positions: The 
Cornell University School of Electrical 
Engineering has faculty epenainds at all levels in 
information eee gy: e are especially in- 
terested in applicants for senior positions and in 





applicants interested in the design of digital 
systems. Candidates should have strong com- 
mitments to and outstanding achievements in 
research and teaching. Applicants’ research 
areas should articulate with the National 
Information Enterprise, broadly construed to 
include such disciplines as: cable, fiber and 
wireless communication and computer 
networks; processing, compression, recognition, 
interpretation, security, distribution, retrieval and 
display of data, speech, image, video and mul- 
tispectral signals; machine vision, machine 
eee and architectures for parallel and dis- 
tributed algorithms; human-machine interfaces 
with emphasis on elt ed access; 
broadband switching and high performance 
computing in support of such applications as in- 
teractive TV and HDTV, teleconferencing and 
telemedicine. Interested persons should submit 
a letter of application, professional resume, and 
the names of at least four references to: 
Director, School of Electrical Engineering, 
Phillips Hall, Cornell University, Ithaca, N 
14853-5401. Cornell University is an Affirmative 
Action/Equal Opportunity Employer. 


Dean, College of Engineering and Applied 
Sciences, Arizona State University: Arizona 
State University invites nominations and appli- 
cations for the position of Dean of the College of 
Engineering and aire Sciences. The 
University: Arizona State University is a 
Research | university Vg i of 13 colleges. 
Over 10,000 of its more than 42,000 students 
pursue graduate studies. ASU is a multi-campus 
university. The main campus is near the heart of 
metropolitan Phoenix in the city of Tempe. 
Phoenix is a cosmopolitan, culturally diverse 
area of approximately 2 million people, with a 
very high concentration of high-tech industries. 
The College: The college has 8 research centers 
and 9 academic departments in the School of 
Engineering, the Del E. Webb School! of 
Construction, the School of Technology, and the 
School of Agribusiness. Enrollment in the college 
includes 4,200 undergraduate baccalaureate 
students and 2,100 graduate students with 240 
tenured or tenured-track faculty members. The 
research awards received in 1993-94 totaled ap- 
poate $12.6 million. The College of 

ngineering and Applied Sciences has been rec- 
ognized for its innovative Engineering 
Excellence Program, a three-way partnership 
between state government, industry, and the 
university. More than $175 million has been in- 
vested in achieving this goal. In recent years, the 
college was identified by U.S. News and World 
Report as one of the top up and coming colleges 
of engineering in the United States. Duties and 
Responsibilities: As the chief academic and ad- 
ministrative officer of the college, the dean 
reports directly to the senior vice president and 
provost. The dean provides leadership in en- 
suring academic excellence in all curricula and 
programs, and support to the faculty for 
achieving and maintaining quality teaching, re- 
search, and service. The dean is responsible for 
developing strong external support, including 
support among alumni and industry leaders. 
Qualifications: Candidates for the position must 
meet the requirements for appointment at the 
rank of professor in one of the departments 
within the Pee requirements include an 
earned doctorate degree, a significant record of 
scholarly and research accomplishments, 
demonstrated effectiveness in undergraduate 
and graduate teaching, and evidence wa 
service.) Candidates must have appropriate ad- 
ministrative experience through which they have 
developed strong leadership, communication 
and interpersonal skills. A successful record of 
pened cultural diversity is essential. 

ominations and Applications: Applicants must 
supply a letter of interest, a curriculum vitae, and 
names, addresses and telephone numbers of 
only three references. Applications and nomi- 
nations will be handled confidentially. The 
search committee will begin to review appli- 
cations on October 15, 1994. Applications re- 
ceived after that date will be reviewed on a bi- 
weekly cycle, as necessary, until the position is 
filled. Preferred starting date is July 1, 1995, but 
the date is negotiable. Salary is competitive. 
Send materials to: Dr. Robert E: Barnhill, Chair, 
College of Engineering Dean Search, Office of 
the Senior Vice President and Provost, Arizona 
State University, Box 872803, Tempe, AZ 
85287-2803. Arizona State University is an 
Equal Opportunity, Affirmative Action Employer. 
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University of Central Florida (UCF), 
Department of Electrical and Computer 
Engineering: The Department of Electrical and 
Computer Engineering, a Ph.D. granting de- 
partment with 37 faculty, 1,000 undergraduates, 
640 graduates, anticipates tenure-track 
openings at the assistant and associate pro- 
fessor levels. All areas of computer engineering 
will be considered. Positions are available, 
starting January and August 1995. Salary and 
rank are commensurate with qualifications. All 
applicants must have a Ph.D. in computer engi- 
neering or a closely related field at the time of 
employment and a strong commitment to 
feaching research. Ageisayens must be 
postmarked by November 3, 1994 and must be 
sent to Dr. W. B. Mikhael, Acting Chair, 
Electrical and Computer Dea , University 
of Central Florida, Orlando, Florida 32816-2450. 
UCF is an equal opportunity/affirmative action 
employer. As an agency of the State of Florida, 
all application materials and selection pro- 
cedures are available for public review. 


Semiconductor Devices and Materials, 
Electrical Engineering: The Department of 
Electrical Sree sca applications for 
tenure-track faculty in the area of semiconductor 
devices and materials. Applicants must have a 
Ph.D. in electrical engineering or a closel 
related field. We are looking for candidates wit 
interests in electronic and/or optoelectronic 
devices. Candidates with a strong background 
in the applications of electromagnetics and 
quantum principles to these areas are partic- 
aa Sea to apply. We are seeking a 
highly qualified person who is committed to a 
career in experimental research and teaching. 
The Department of Electrical Engineering has 
modern facilities for device processing and 
analysis, including Class 10 and Class 1000 
clean rooms with a mask aligner for sub-micron 
device fabrication, an MBE crystal growth 
system, a 50 GHz network analyzer and wafer 
prober, and specialized laboratories with instru- 
mentation for the evaluation of microwave and 
optical devices and materials characterization. 
Please send a resume, a description of re- 
search and teaching interests, and the names 
and addresses of three references to: Search 
Committee/DM, Department of Electrical 
Engineering, University of Delaware, Newark, 
DE 19716. Review of applications will begin 
October 15, 1994. Applications will continue to 
be accepted until the position is filled or until 
December 1, 1994. The University of Delaware 
is an Equal Opportunity Employer which en- 
courages applications from Minority Group 
Members and Women. 


Computer Engineering, Electrical Engineering: 
The Department of Electrical Engineering 
invites ee for tenure-track faculty in the 
area of high-performance computer engi- 
neering. We seek candidates with a strong In- 
terest in the architecture and implementation of 
advanced computer and computer_network 
systems. Applicants must have a Ph.D. in elec- 
trical a rly | or a closely related field. The 
successful applicant would be expected to carry 
out a vigorous research program in computer 
engineering and to teach and supervise 
students at both the undergraduate and 

raduate levels. The Electrical Engineering 

epartment is well-equipped and maintains a 
large number of workstations for use in VLSI 
design, modeling and simulation, signal and 
image processing, and computer networking re- 
search. Excellent computer networking facilities 
are available, including department Ethernets 
and a multi-megabits/second campus backbone 
connected to regional and national backbones. 
Please send a resume, a description of re- 
search and teaching interests, and the names 
and addresses of three references to: Search 
Committee/CpE, Department of Electrical 
Engineering, University of Delaware, Newark, 
DE 19716. Review of applications will begin 
October 15, 1994. Applications will continue to 
be accepted until the position is filled or until 
December 1, 1994. The University of Delaware 
is an Equal Opportunity Employer which en- 
courages applications from Minority Group 
Members and Women. 


Director of Marine Science, Environment 
and Technology: Applications and nominations 
are invited for the position of Director of the 
Center of Marine Science, Environment and 
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Technology at UMass Dartmouth. Candidates 
must hold an earned doctorate in a marine 
science or engineering related discipline and 
meet the standards for a tenure appointment at 
the full professor level in a science or engi- 
neering department. The candidate must also 
have a record of significant accomplishment in 
marine science/environment/ technology ad- 
ministration and development, and have a 
strong record in the development and execution 
of marine-related grant supported research. The 
Director will be responsible for coordinatin 
present marine activities and providing lead- 
ership in the further development of UMass 
Dartmouth’s marine science/technology, envi- 
ronmental and aquaculture programs. These 
duties will include representing UMass 
Dartmouth during the final stages of archi- 
tectural work and construction of its new marine 
laboratory located on Buzzards Bay in New 
Bedford. The Director will be responsible for the 
operation of this laboratory and a planned aqua- 
culture laboratory located on an adjacent site. 
Responsibilities will include the facilitation and 
development of linkages and collaborations with 
key academic/research institutions, government 
agencies and the private sector. As the labora- 
tories come on line, the Director will be re- 
sponsible for developing and Gewese budgets 
and for developing plans for staffing and 
support, including the initiation of Sea Grant ac- 
tivities. UMass Dartmouth is one of five 
campuses in the University of Massachusetts 
system. Developing new Masters and PhD 
programs in selected areas of strength and con- 
tinuing excellence in teaching and research are 
central to the university’s academic mission. In 
addition, the university is committed to fostering 
economic development, serving as a catalyst for 
regional initiatives, providing research and con- 
sultation to the local community, and addressing 
the cultural and educational needs of a diverse 
population. Located 60 miles south of Boston 
and 30 miles east of Providence, RI, and 40 
miles from Woods Hole, its modern 710 acre 
suburban campus has a full-time faculty of 330 
and a student enrollment of 6000 full- and part- 
time students. A complete application packet 
consists of: curriculum vitae, a statement of in- 
terest in the position and the names and ad- 
dresses of four referees. Send materials to 
Chairperson, Search & Screen Committee, 
Director of Marine Sciences, c/o Personnel 
Office, University of Massachusetts, Dartmouth, 
N. Dartmouth, MA 02747. Screening of appli- 
cations will begin on October 1, 1994 and 
continue until the position is filled. The 
University of Massachusetts Dartmouth is an 
equal opportunity, affirmative action employer. 
Women and minorities are especially en- 
couraged to apply. 


West Virginia University, Director of Program 
Development, Science and Engineering: 
West Virginia University is seeking a dynamic 
and experienced scientist or engineer to support 
the University’s continuing growth in competi- 
tively funded programs of research and schol- 
arship in the physical and biological sciences 
and in engineering. West Virginia University, the 
land-grant, doctoral granting research institution 
in the State of West Virginia has been des- 
ignated a Research | University by the Carnegie 

Oundation. The University is committed to fos- 
tering basic and applied research and schol- 
arship, providing high acy instructional 
programs and to supporting public service ac- 
tivities within West Virginia. Nearly 23,000 
students are presently enrolled in 175 degree 

rograms. The University is located in 

organtown, a community of approximately 
50,000 with ready access to Pittsburgh, PA and 
Washington, DC. Responsibilities: The Director 
of Program Development, Science and 
Engineering, is responsible to the Associate 
Provost for Research and Economic 
Development for developing and expanding the 
University’s relationships and contacts with 
current and potential sponsors of competitively 
funded research and scholarship in the broadly 
defined physical and biological sciences and in 
engineering. Specific activities will include: 
Building upon extant resources, enhance the 
dissemination and use of funding opportunities 
to appropriate faculty. Based on developed op- 
portunities and/or emergent research interests, 
actively support the development of research 
teams or Belting for intra- or inter-disciplinary 
activities. Assist with and participate in proposal 





development and support negotiations with 
sponsors in concert with existing staff. Develop 
and participate in faculty development activities 
to enhance competitiveness and improve 
proposal ca skills. Qualifications: Fully 
quate candidates are expected to have 
emonstrated the foots capabilities: Proven 
executive leadership including a commitment to 
excellence in research and scholarly activities, 
and a high level of energy and enthusiasm. 
Demonstrated ability to work with faculty from 
diverse disciplines, and a variety of professional 
staff, in developing new thrusts and directions in 
research. Capable of eae an articulate ad- 
vocate and spokesperson for the University’s 
diverse research and scholarly activities in 
science and engineering. An earned doctorate 
and experience in research and research de- 
velopment. Substantial experience with or in 
funding agencies, with an appropriate science 
or engineering degree may also be considered. 
Schedule: To ensure full consideration, send a 
cover letter, complete resume, and the names 
and addresses of three references by 
November 15, 1994 to: Ms. Miriam L. Nitshe, 
Search Coordinator, Search Committee - 
Director of Program Development, Science and 
Engineering, West Virginia Se cey PO Box 
6216, Morgantown, West Virginia 26506-6216. 
West Virginia University is an Equal 
Opportunity/Affirmative Action Employer. 


The University of lowa, ces of 
Electrical an Coe poineering: 
Applications are invited tor tenure track faculty 
positions at all ranks. Positions are available 
starting in the Spring or Fall semester of 1995. 
Candidates should have interest or research ex- 
pertise in the disciplines of Electrical and 
Computer Engineering. Preference will be given 
to candidates according to the following prior- 
itized list of areas: VLSI (A); Computer Graphics 
and Visualization or High Speed Networks or 
Wireless edt (By, Image Processing or 
Neural Networks or Signal Processing (C); and 
Photonics (D). An earned Ph.D. in Electrical and 
Computer Engineering or an allied fietd is re- 
quired. Faculty responsibilities include effective 
classroom teaching at the undergraduate and 
graduate levels, Greg curricula and labo- 
ratories, supervising M.S. and Ph.D. student re- 
search, publishing journal articles, and de- 
vcr and maintaining an externally-funded 
research program. Interested candidates should 
submit a letter stating their areas of special- 
ization and a current curriculum vita to: Chair, 
Faculty Recruiting Committee, Department of 
Electrical and Computer oe The 
University of lowa, lowa City, lowa 52242. 
ereer ns will be reviewed starting November 
15, 1994 and will be accepted until the positions 
are filled. Women and minorities under-repre- 
sented in the engineering profession are espe- 
cially encouraged to apply. The University of 
lowa is an Equal Opportunity/Affirmative Action 
Employer. 


Massachusetts Institute of Technology, 
Faculty Positions: The Department of 
Electrical Engineering and Computer Science 
seeks candidates for faculty positions starting in 
September 1995. We anticipate openings for 
several junior faculty appointments for indi- 
viduals who are completing, or who have re- 
cently completed, a doctorate. Faculty duties 
include teaching at both the graduate and un- 
dergraduate levels, research, and supervision of 
theses. We are interested in candidates in most 
areas of electrical engineering and computer 
science. All candidates should write to the 
address below, een professional in- 
terests and their goals in both teaching and re- 
search. Each application should include a cur- 
riculum vitae and the names and addresses of 
three or more references. Additional material, 
such as papers or technical reports or one letter 
of reference sent under separate cover, would 
also be helpful. All candidates should indicate 
citizenship and, in the case of non-US citizens, 
describe their visa status. Please respond b 
February 1, 1995. Send all applications to: Prof. 
F.C. Hennie, Room 38-435, Massachusetts 
Institute of Technology, Cambridge, MA 02139. 
M.I.T. is an equal opportunity/affirmative action 
employer. 


Graduate Fellowships/Research Assistantships 


in Optics at CREOL: The Center for Research 
and Education in Optics and Lasers (CREOL) at 
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the University of Central Florida invites appli- 
cations from ony qualified students for a 
number of CREOL Fellowships/Research 
Assistantships ranging from $11,000 to $15,000 
per year. Exceptional students will be con- 
sidered for additional Litton Fellowships of 
$4,000. Degrees of M.S. and Ph.D. in Optical 
Sciences and Engineering, Electrical Engineering, 
and Optical Physics are offered at UCF. CREO 
has 28 faculty devoted to lasers and optical 
sciences and engineering. The academic 
program includes specialized courses in electro- 
optics and lasers, and optical materials as well 
as fundamental courses in_ Electrical 
Engineering, Physics, and Chemistry. Current 
research areas include laser physics and engi- 
neering, such as tunable solid state lasers, free 
electron lasers and high intensity lasers; studies 
of nonlinear optical materials and processing of 
new laser host crystals and optical glasses; thin 
film optics, diffractive optics, infrared systems, 
optical design and image analysis, x-ray optics; 
waveguide optics and devices; and laser appli- 
cations, including laser materials processing, 
remote sensing, optical communications, x-ray 
Hoa raphy and microscopy. The pepucauen 
deadline is February 15, 1995. Applications 
from women, minorities, and handicapped 
persons are particularly encouraged. To receive 
an application pec e, write to: 
CREOL/University of Central Florida, Graduate 
Affairs Committee, 12424 Research Parkway, 
Suite 400, Orlando, FL 32826. 


Stanford University: The Operations, Information 
and Technology (OIT) area at the Graduate 
School of Business, Stanford University, is 
seeking qualified applicants for two tenure-track 
faculty positions starting in the 1995/6 academic 
year. Applications are sought at the entry level, 
Assistant Professor and untenured Associate 
Professor levels. Stanford’s OIT faculty seek to 
integrate, extend and apply various methods 
and paradigms from the sometimes separate 
areas of Operations, Information Systems, 
Management Science and others (such as 
Engineering and Economics). OIT research in- 
volves analytical and empirical study of techno- 
logical systems, in which technology, people 
and markets interact. Applicants are expected 
to have nporeis training in mathematical and/or 
statistical methodologies. The individuals ap- 

ointed to these positions will be expected to do 
innovative research in the OIT field, to par- 
ticipate in the school’s Ph.D. program and to 
teach both required and elective courses in the 
MBA program. One of the positions is restricted 
to candidates with primary interests in infor- 
mation systems/technology. Stanford University 
is an equal opportunity employer and is partic- 
ularly seeking applications from women and 
ethnic minorities. Applicants should send a 
resume, names and addresses of three ref- 
erences, examples of recent written work and 
evidence of teaching performance (if available) 
to: Academic Affairs Coordinator, Box 0, 
Graduate School of Business, Stanford 
University, Stanford, CA 94305-5015. Deadline 
for receipt of completed applications is 
December 15, 1994. 


Government/Industry Positions Open 


Manufacturing Engineer: A challenging and 
rewarding position is open for a highly mo- 
tivated individual with exceptional manufac- 
turing abilities and excellent academic cre- 
dentials in basic physics and mechanical 
engineering. Minimum requirements include a 
masters degree in engineering or science and 
two years of diverse manufacturing expe- 
riences including precision tooling and complex 
product design. Electronics and automotive 
repair experience also desirable. Doty Scientific 
is an attractive high-tech manufacturing and 
R&D company with an excellent twelve-year 
growth record now entering a rapid growth 
phase. Competitive salary and benefits com- 
mensurate with abilities and experience. Send 
resume, oe copy of transcripts, GRE or 
SAT scores, and list of patents and publications 
to: Judy Doty, Doty Scientific, Inc., 700 
Clemson Rd., Columbia, SC 29223. 
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CLASSIFIED EMPLOYMENT OPPORTUNITIES 


Marketing/Account Manager to provide advice 
to customers on various automated welding ap- 
plications and on equipment usage; provide 
advice to engineering staff on the development 
of control algorithms to be integrated in welding 
control systems; development of marketing ma- 
terials to be presented to target industries; and 

rovide technical advice to research engineers 
involved in the development of new automated 
welding equipment and related tooling. 
Responsible for major automaker’s accounts 
and marketing of resistance weld controls. 
Requires an Associates Degree in Electronics 
Engineering Technology and six years expe- 
rience in the job offered or six years experience 
as a Sales and Applications Manager; this ex- 
perience must be in resistance welding controls; 
40 hours per week; 8:00 a.m. to 5:00 p.m.; 
$45,900.00 per year. Send resumes to 7310 
Woodward Avenue, Room 415, Detroit, 
Michigan 48202. Reference No. 71194. 
“Employer Paid Ad.” 


Service Engineering Manager to provide 
advice to customers on selection of resistance 
welding controls to fit engineering specifications 
and requirements using engineering back- 
ground; provide advice to customers on writing, 
testing, trouble-shooting and other technical in- 
formation; and serve as a liaison between sales, 
engineering and the service department, and 
between foreign and U.S. subsidiaries, in- 
cluding: recruitment, training and development 
of customer service employees (in house and 
field). Requires an Associates Degree in 
Electronics Eeeipelogy and two years expe- 
rience in the job offered or two years experience 
as a Plant Manager; this experience must 
include production of resistance weld controls; 
40 hours per week; 8:00 a.m. to 5:00 p.m.; 
$42,180.00 per year. Send resumes to 7310 
Woodward Avenue, Room 415, Detroit, 
Michigan 48202. Reference No. 71094. 
“Employer Paid Ad”. 


Sales Project Engineer for machine tool man- 
ufacturer in Southwest Ohio. Prepare 
computer integrated flexible manufacturing 
system (FMS) proposals, using technical and 
engineering information, which are customer 
responsive, timely and competitive. Interpret 
and evaluate customers’ needs and requests 
and recommend direction for attainment of this 
solution and development of appropriate mar- 
keting strategy. Communicate customer infor- 
mation to appropriate internal company 
groups, schedule activities, contribute to 
proposed solution, gather, organize and ne- 
gotiate cost inputs, and compose and as- 
semble proposal text. Will work primarily with 
customers in the Far East one Taiwan, 
Hong Kong and Singapore). Job requires 
Bachelors Degree in Control Engineering or 
Electrical Engineering with specialization in 
Control Engineering and four years sales engi- 
neering or project management experience. 
The four years experience must be in formu- 
lation of proposals, selection of proper ma- 
chinery, pricing, and working with vendors for 
Flexible Manufacturing Systems (FMS). 
Experience must also be in application engi- 
neering with FMS, Computer Numerical 
Control (CNC) machining centers and manu- 
facturing cells. One year of this experience 
must be with automated production system 
(CIM). Must be fluent (speaking, reading and 
writing) in Mandarin Chinese. Must be willing 
to travel to Far East approx. 20-30% of the 
time. 42.5 hrs/wk; 8:00 a.m. - 5:00 pm. Salary: 
$46,345/yr. Must have proof of legal authority 
to work indefinitely in the U.S. Send resume in 
duplicate (No Calls) to K. Shockey, Job 
#00470, Ohio Bureau of Employment Services, 
P.O. Box 1618, Columbus, Ohio 43216. 


Principal Engineer: Research, develop, design 
and test electronic component products and 
systems; emphasis in photoelectric sensors for 
industrial controls mkt; supervise other en- 
gineers; oversee major new product design and 
redesigns; develop and deploy corporate ISO- 
9000 cert. process; assist design engineering 
mgr. in implementation of new tooling, test and 
measurement equip., custom integrated circuits 
and other new technolgy; recommend and 








evaluate new capital equip. and software; 
consult with major customers and potential cus- 
tomers; provide technical expertise for new 
pues opportunities. Requires a B.S. in 

lectrical Engineering and 8 yrs exp. Related 
occupation exp. must include photoelectric 
sensor design In business setting, supervision 
of other engineers, and in-depth customer in- 
teraction. This is a full-time position at our 
Everett, WA facility. $5906.00/mo. OT as 
needed. Must have proof of legal authority to 
work permanently in the USA. By Oct. 31, send 
resume to: Employment Security Department, 
E&T Division, Job #429907, P.O. Box 9046, 
ype. WA 98507-9046. An employer Paid 
Ad. No calls. 


Research and Development Engineer: Major 
corporation involved in the manufacture and 
sale of ophthalmic lenses seeks to employ a 
Research and Development Engineer for its 
office in Brooklyn Center, Minnesota. The 
Research and Development Engineer will be re- 
uired to (i) engineer all aspects of research and 
evelopment projects required to bring new 
ophthalmic lens products from concept to man- 
utacturing to the marketplace, (ii) utilize multiple 
project management skills in order to effectively 
plan and design projects, recommend and 
justify capital investment, coordinate and en- 
gineer research and development studies and 
make smooth transitions from prototype to man- 
ufacturing with budgeted resources and time, 
(iii) research and develop new thermoplastic 
materials for molding operation, (iv) develop 
projects for hardcoating of lenses for cost re- 
duction and improved product performance, (v) 
provide engineering details on processin 
effects on final lens configuration and (vi 
evaluate and recommend the purchase of new 
equipment for current and future manufacturing 
plogeener: Candidates must ) hold at least a 
aster of Science in Plastics Engineering, and 
(ii) have at least two (2) concurrent years of ex- 
perience with: (a) plastics processing, product 
design and Computer Aided Engineering, (b) 
making precision ophthalmic products, (c) in- 
jection molding process and equipment, {3} 
post-molding coating operations and AS 
testing procedures, Ye) project management 
with multiple engineering projects from concept 
to finish, and (f) dealing with primary ophthalmic 
lens vendors and suppliers. Salary: $43,900 per 
year Job Site: Brooklyn Center, Minnesota. 
ours: 40 hours per week, 8:00 a.m. to 5:00 
p.m. Applicants meeting all of the above re- 
quirements may submit a cover letter and a 
cory of their resume to: B. Abraham, #4-055, 
MDES, 390 North Robert Street, Third Floor, St. 
Paul, Minnesota 55101. 


Engineer, Solid State Device: Brewer 
Science, Inc. is seeking an individual to facilitate 
the development and commercialization of mi- 
cromachined devices based on a new con- 
ducting polymer roe noogy Requirements 
include a strong background in physics, solid 
state device engineering, or a related discipline, 
as well as experience in marketing new tech- 
nologies. A Ph.D. degree or commensurate ex- 
perience is preferred. Please send your resume 
to Brewer Science, Inc., Attn: MM, P.O. Box 
GG, Rolla, MO 65401. EOE 


Product Engineer to design, develop & release 
Electronic Control Modules & components for 
Supplemental Restrain Systems, Automotive 
Controls, Information & Convenience for light 
duty truck & truck components; coordinate 
design verification & Product validation testing 
with suppliers; develop & coordinate design, 
process & system FMEA; coordinate diagnostic 
& service procedures development; work with 
suppliers to reduce system cost & improve reli- 
ability on all components; coordinate with 
project marge ment suppliers, quality as- 
surance, reliability, vehicle development, as- 
sembly plants & wiring groups; Reqs: Bach. in 
Electrical or Electronic ngs: 2 yrs. a in job 
offered or 2 yrs. related exp. as Product 
cere: Related exp. must include computer- 
aided design of Hight duty trucks & truck com- 
ponents; $23.50/hr, 40 hrs/wk, 8a-5p. Send 
resume to 7310 Woodward Ave., Room 415, 
Detroit, MI 48202. Ref. #83494. “Employer Paid 
Ad” 


Neurocontrol Engineer: Develop neural, intel- 
ligent and learning control theory systems for 
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125 “SERVICE (CIRCLE NUMBERS) 


1 PRODUCT AND ADVERTISING INFORMATION 
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177 185  9rC.S. & adv. know. of chip archi- 
178 186 pment. Also requires knowledge 
179 187 ‘Sign cycle for programmable gate 

tools used in chip design, such as 
180 188 — jilog, Berkeley MIS; of research & 
181 189 2x algorithms; of probability & sto- 
182 190 ng & simulation; of dev. of custom 
183 191 ad in electronic circuit design; of 

dev. & programming in C & UNIX; 
184 192 sign & dev.; of VLSI circuit design 


of computer design internals. 
hrs./wk. Job/intrv. site: San Jose, 
v/resume to Job # JB50012, P.O. 
sacramento, CA 95826-9065. 
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omation systems company in NE 
ire: design, implement & test au- 








al systems for steel rolling & pro- 
lyze_ user automation needs; 
studies on customer’s existing 
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Company 

Address 
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Country Business Phone 





Send me information on joining IEEE (circle one) 


2 ADDITIONAL COMMENTS 


electrical schematics; develop 
rams, layout drawings & system 





Regular membership 300 Student 301 


electrical, electronic & software 
ser equipment with monitoring 
gn Distributed Control System 
‘ware, simulation & process opti- 
»ols used: Allen-Bradley Pro- 
ogic Controllers, Intel Multibus 





eliance Programmable Logic 
Must_have M.S. in Electrical 





| would like: 


Void after January 1, 1995 


or Systems Engineering or 
jineering and 2 yrs exp in job de- 
tr exp with writing software for 





bleshoot & repair existing  Satherme pauippent 
controls; Reqs: Bach. in Electrical En or 
Electrical Engg. Tech., 2 yrs. exp. in job offered 
or 2 yrs. related exp. as an Electrical Engineer. 
2 yrs. related exp. must include PLC pro- 
gramming, control circuit design & control circuit 
troubleshooting; $39,805/yr, 40 hrs/wk, 6:30a- 
3:30p. Send resume to 7310 Woodward Ave., 
Room 415, Detroit, MI 48202. Ref. #84894 
“Employer Paid Ad” 


Fiber Optic Design Engineer needed to re- 
search, design, and develop specialized fiber 
optic cables for communication networks con- 
sisting of passive components, such as con- 
nectors and splices, and active components, 
such as lasers and laser diodes. Optimize 
cable designs to meet specifications for optical 

erformance in various operating conditions. 

tilize computer skills to allow programming 
and mathematical modeling of cable per- 
formance over a wide range of temperatures 
and loading conditions. Determine specifi- 
cations for installation and operation of fiber 
optic cables in order to maintain a levels of 
optical performance over the cable lifetime. 
Design inspection instruments to test optical 
fibers, fiber optic cables or their parts for 
defects, such as excessive attenuation of 
transmitted optical power. Requirements are 
M.S. degree in Optics and Optoelectronics 
and computer fluency in Fortran, Basic, and 
Lotus 1-2-3 programs. Forty (40) hours/week 
- 9:00 a.m. - 5:00 p.m. Salary of $36,792 an- 
nually. Must have proof of legal putbon to 
work permanently in the United States. All re- 
sponses must include Social Security Number. 
Send two copies of resume (no calls) to Job 
Service, Route 3, Box 153, Newton, North 
Carolina 28658, J.O. # NC4440238, DOT # 
003.061-034. 


Senior Systems Analyst: International 
graphics Sapien and supplies company 
seeking enior Systems Analyst in 
Washington facility. Candidate will be re- 
sponsible for analyzing, developing, and mod- 
ifying complex software systems; designing, 
coding, testing and debugging programs. Must 
possess a bachelors degree in computer 
science or mathematics; a minimum of 2 years 
experience as a Senior Systems Analyst or 
Systems Programmer in the printing or pub- 
lishing industry; and one year experience with 

S/2-1.3,2-1.2 Presentation Manager and 
Raina Data Server or Raina Data Manager. 
Must be prepared to travel and work “on-site” 
for extensive periods of time. Minimum 40 
hours per week at $54,000.00 per year. By 
October 30, 1994, send resume to: 
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Void overseas after January 1, 1995 


Senior Engineers/Specialists-Saudi Arabia: 
Specialists in Packet Switching including: 
Network planning, Customer Service, Training, 
Marketing, Transmission, Switching, Signaling 
and Power systems. B.S. Telecom, Bus. or 
oe oer only - minimum 8 years expe- 
rience. U.S.A., Canadian, Australian citi- 
zenship on Positions require independent 
technical skills and ability to liaison with Saudi 
Government. Housing, transportation, etc. 
provided. 3 yr. contract. Single status. Salary 
range $40k to $60K U.S. ECSE, Telecom 
Consultants, Attn: M. Glenn, 1857 Colorado 
Ave., Boise, Idaho 83706. Tel. (208) 383-9090 
or Fax 331-3007. 


Optical engineer with excimer laser experience 
to develop an eye surgical device for human 
use. Call Dr. Epstein at 1-815-363-2020. 


Engineer, Software Development: Dev. & 
design VLSI CAD tools for IC place & route 
apps. PhD in EE, Comp. Eng. or Comp. Sci. 
reqd. $5666.66/mo. 40 hr./wk. Knig. of VLSI 
sys. automation design methodology, stochastic 
search algorithm research (simul. evolution, & 
simul. annealing), CMOS module generator 
dev. for random logic synth., place & route 
technigy. (ime -driven placement, global 
route), VLSI sys. & logic design, & C reqd. Job 
site/intrv.: San Jose, CA. Send ad & resume to: 
IEEE Spectrum, Box 10-1, 345 East 47th Street, 
New York, NY 10017. 


Electrical Engineer: 40 hrs./wk.; 9 am to 5 pm; 
$36,200 per year. Use programmable logic con- 
trollers to design and develop high level elec- 
trical systems for screen printing machines for 
use by printing companies. Must have 2 yrs. ex- 
pene in job offered or as a Senior Engineer. 

xperience in job offered or as Senior Engineer 
must include 2 years using Programmable Logic 
Controllers and doing technical drawings on a 
computer. Must have taken academic or non- 
academic course in Programmable Logic 
Controllers. Must have proof of legal authority to 
work permanently in the U.S. Send resumes to: 
lllinois Department of Employment Sects, 401 
S. State Street - 3 South, Chicago, Illinois 
60605, Attention: James Gregory. Reference # 
V-IL 11937-Z. No Calls. An Employer Paid Ad - 
Send 2 copies of resume. 


Engineer, Software Ill, Chip Architecture: 
Responsible for developing, coding and de- 
bugging software for complex algorithms for a 
developer of integrated circuit products, in all the 
following areas: Synthesis, place, and route, 
timing optimization, and partitioning. Requires a 
M.S. degree in E.E. or C.S. & two years of ex- 


10/94 





1s for steel rolling using at least 
ting 3 controllers: Intel Multibus 
Reliance Programmable Logic 
¢ Allen-Bradley Programmable 
Logic Controllers and one year work or 
piadeele research in A/D conversion, real time 

ata acquisition, process control design. 40 
hrs/wk, 8am-5pm, Mon-Fri, $43,160 per yr. 
Must have proof of legal authority to work In- 
definitely in U.S. Send resume in duplicate (no 
calls) to R. Lechler, Job #00229, Ohio Bureau 
of Employment Services, PO Box 1618, 
Columbus, OH 43216. 


Object-Oriented Technologist: The ideal can- 
didate will meet or exceed the following re- 
quirements: Masters meaees in software engi- 
neering or equivalent, Ph.D. desirable; three 
years OO experience; demonstrated excellence 
in a or a prograrnning: knowledge 
in and of the following specialized areas: C++, 
Smalltalk, systems design, database design. 
Duties include training and consulting. Customer 
sites vary geographically; most positions require 
travel. Relocation to corporate headquarters not 
required. Top salary for top people. Contact: 
Madeleine Moore, Secretary at Paradigm Shift, 
Inc., P.O. Box 5108, Potsdam, NY 13676, Fax 
315-353-6110, moore @parashift.com. 


In Seattle, WA; software engineer, export 
for US-made software and related hardware. 
Write software in various languages, including 
C, custom tailor program to customer needs. 
3 ee experience in Russian computer dis- 
tribution channels. Travel regularly to Russia. 
B.S. in computer science or related science. 
Fluency in Russian and English. 40 hpw, 
9:00am - 5:30pm, $45,000 yr. ay November 
1, 1994, send resume to: Employment 
Security Department; E&T Division, Job # 
431261; Post Office Box 9046; Olympia, WA 
98507-9046. 


Electrical Engineer: Design, development & 
testing of electromechanical & electrical 
switches & sensors for automotive applications. 
Responsibilities include writing component 
technical specifications & test procedures; 
bench las ey competitive products, durability 
testing, reliability & failure analysis using design 
of experiment techniques & cost qualit 
analysis. Salary, $18.87 per hour, 40 hour wee 
(8:00 - 5:00) overtime at a rate of $28.31 per 
hour. Requirements, Masters degree in 
Electrical Engineering; 1 college level course in 
Transducers & easurement; Electronic 
System Design; must have completed 1 
foe level course in each of the following - 
lectronic Control Systems; Direct Digital 
Control; Design of Experiments & Computer 
Nees in Engineering. Send resume to: 
SC, 7310 Woodward Ave., Rm. 415 (Ref. 
#91394) Detroit, Ml 48202. Employer paid ad. 
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the University of Central Floric 
cations from ney qualified 
number of CREOL Fellows 
Assistantships ranging from $11 
per year. Exceptional studen 
sidered for additional Litton 
$4,000. Degrees of M.S. and | | 
Sciences and Engineering, Electr 
and Optical Physics are offered ; 
has 28 faculty devoted to las 
sciences and engineering. 
program includes specialized cc 
optics and lasers, and optical n 
as fundamental courses 
Engineering, Physics, and Che 
research areas include laser pt 
neering, such as tunable solid s 
electron lasers and high intensit 
of nonlinear optical materials ar 
new laser host crystals and opti 
film optics, diffractive optics, in 
optical design and image analy 
waveguide optics and devices; 
cations, including laser materi 
remote sensing, optical commt 
mnoaraphy and icIosenRy. | 
deadline is February 15, 19§ 
from women, minorities, an 
persons are particularly encour 
an application pack e 
CREOL/University of Central F 
Affairs Committee, 12424 Res 
Suite 400, Orlando, FL 32826. 


Stanford University: The Operauur 1d, WNUIEIaUUIt 
and Technology (OIT) area at the Graduate 
School of Business, Stanford University, is 
seeking qualified applicants for two tenure-track 
faculty positions starting in the 1995/6 academic 
year. Applications are sought at the entry level, 
Assistant Professor and untenured Associate 
Professor levels. Stanford’s OIT faculty seek to 
integrate, extend and apply various methods 
and paradigms from the sometimes separate 
areas of Operations, Information Systems, 
Management Science and others (such as 
Engineering and Economics). OIT research in- 
volves analytical and empirical study of techno- 
logical systems, in which technology, people 
and markets interact. Applicants are expected 
to have frporous training in mathematical and/or 
statistical methodologies. The individuals ap- 
pointed to these positions will be expected to do 
innovative research in the OIT field, to par- 
ticipate in the school’s Ph.D. program and to 
teach both required and elective courses in the 
MBA program. One of the positions is restricted 
to candidates with primary interests in infor- 
mation systems/technology. Stanford University 
is an equal opportunity employer and is partic- 
ularly seeking applications from women and 
ethnic minorities. Applicants should send a 
resume, names and addresses of three ref- 
erences, examples of recent written work and 
evidence of teaching performance (if available) 
to: Academic Affairs Coordinator, Box 0, 
Graduate School of Business, Stanford 
University, Stanford, CA 94305-5015. Deadline 
for receipt of completed applications is 
December 15, 1994. 


Government/Industry Positions Open 


Manufacturing Engineer: A challenging and 
rewarding position is open for a highly mo- 
tivated individual with exceptional manufac- 
turing abilities and excellent academic cre- 
dentials in basic physics and mechanical 
engineering. Minimum requirements include a 
masters degree in engineering or science and 
two years of diverse manufacturing expe- 
riences including precision tooling and complex 
product design. Electronics and automotive 
repair experience also desirable. Doty Scientific 
is an attractive Ripniees manufacturing and 
R&D company with an excellent twelve-year 
growth record now entering a rapid growth 
phase. Competitive salary and benefits com- 
mensurate with abilities and experience. Send 
resume, including copy of transcripts, GRE or 
SAT scores, and list of patents and publications 
to: Judy Doty, Doty Scientific, Inc., 700 
Clemson Rd., Columbia, SC 29223. 
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Electronics Technology and two years expe- 
rience in the job offered or two years experience 
as a Plant Manager; this experience must 
include production of resistance weld controls; 
40 hours per week; 8:00 a.m. to 5:00 p.m.; 
$42,180.00 per year. Send resumes to 7310 
Woodward Avenue, Room 415, Detroit, 
Michigan 48202. Reference No. 71094. 
“Employer Paid Ad”. 


Sales Project Engineer for machine tool man- 
ufacturer in Southwest Ohio. Prepare 
computer integrated flexible manufacturin 
system (FMS) Propesals, using technical an 
engineering information, which are customer 
responsive, timely and competitive. Interpret 
and evaluate customers’ needs and requests 
and recommend direction for attainment of this 
solution and development of appropriate mar- 
keting strategy. Communicate customer infor- 
mation to appropriate internal company 
groups, schedule activities, contribute to 
proposed solution, gather, organize and ne- 
gotiate cost inputs, and compose and as- 
semble proposal text. Will work primarily with 
customers in the Far East ore Taiwan, 
Hong Kong and Singapore). Job requires 
Bachelors Degree in Control Engineering or 
Electrical Engineering with specialization in 
Control Engineering and four years sales engi- 
neering or project management experience. 
The four years experience must be in formu- 
lation of proposals, selection of proper ma- 
chinery, pricing, and working with vendors for 
Flexible Manufacturing Systems (FMS). 
Experience must also be in application engi- 
neering with FMS, Computer Numerical 
Control (CNC) machining centers and manu- 
facturing cells. One year of this experience 
must be with automated production system 
(CIM). Must be fluent (speaking, reading and 
writing) in Mandarin Chinese. Must be willing 
to travel to Far East approx. 20-30% of the 
time. 42.5 hrs/wk; 8:00 a.m. - 5:00 pm. Salary: 
$46,345/yr. Must have proof of legal authority 
to work indefinitely in the U.S. Send resume in 
cuplcale (No Calls) to K. Shockey, Job 
#00470, Ohio Bureau of Employment Services, 
P.O. Box 1618, Columbus, Ohio 43216. 


Principal Engineer: Research, develop, design 
and test electronic component products and 
systems; emphasis in photoelectric sensors for 
industrial controls mkt; supervise other en- 
gineers; oversee major new product design and 
redesigns; develop and deploy corporate ISO- 
9000 cert. peer assist design engineering 
mgr. in implementation of new tooling, test and 
measurement equip., custom integrated circuits 
and other new technolgy; recommend and 





CSUCvLLO Vil Iillal ISDS LYUINIYUrauVvit anu \viy 
evaluate and recommend the purchase of new 
equipment for current and future manufacturing 
processes: Candidates must ) hold at least a 

aster of Science in Plastics Engineering, and 
(ii) have at least two (2) concurrent years of ex- 
perience with: (a) plastics processing, product 
design and Computer Aided Engineering, (b) 
making precision ophthalmic products, (c) in- 
jection molding process and equipment, {3} 
post-molding coating operations and AS 
testing procedures, Ye) project management 
with multiple engineering projects from concept 
to finish, and (f) dealing with primary ophthalmic 
lens vendors and suppliers. Salary: $43,900 per 
yeas Job Site: Brooklyn Center, Minnesota. 

ours: 40 hours per week, 8:00 a.m. to 5:00 
p.m. Applicants meeting all of the above re- 
quirements may submit a cover letter and a 
ony of their resume to: B. Abraham, #4-055, 
MDES, 390 North Robert Street, Third Floor, St. 
Paul, Minnesota 55101. 


Engineer, Solid State Device: Brewer 
Science, Inc. is seeking an individual to facilitate 
the development and commercialization of mi- 
cromachined devices based on a new con- 
ducting polymer eco Requirements 
include a strong background in physics, solid 
state device engineering, or a related discipline, 
as well as experience in marketing new tech- 
nologies. A Ph.D. degree or commensurate ex- 
perience is preferred. Please send your resume 
to Brewer Science, Inc., Attn: MM, P.O. Box 
GG, Rolla, MO 65401. EOE 


Product Engineer to design, develop & release 
Electronic Control Modules & components for 
Supplemental Restrain Systems, Automotive 
Controls, Information & Convenience for light 
duty truck & truck components; coordinate 
design verification & Product validation testing 
with suppliers; develop & coordinate design, 
process & system FMEA; coordinate diagnostic 
& service procedures development; work with 
suppliers to reduce system cost & improve reli- 
ability on all components; coordinate with 
project Mr eee atte suppliers, quality as- 
surance, reliability, vehicle development, as- 
sembly plants & wiring groups; Reqs: Bach. in 
Electrical or Electronic ngg., 2 yrs. ty in job 
offered or 2 yrs. related exp. as Product 
eRe: Related exp. must include computer- 
aided design of fant duty trucks & truck com- 
ponents; $23.50/hr, 40 hrs/wk, 8a-5p. Send 
resume to 7310 Woodward Ave., Room 415, 
pee MI 48202. Ref. #83494. “Employer Paid 


Neurocontrol Engineer: Develop neural, intel- 
ligent and learning control theory systems for 
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flight control; implement motor control and 
inverse kinematics control system; design new 
neural network Pee work with SG 
Computers and FAME testbed. Req. incl. 8 yrs 
of college incl a M.S. in EE and at least 25 se- 
mester hrs of eng. credit in neural networks, incl 
neurocontrol, bevone aM.S. me req incl 2 yrs 
exp in the job offered or 2 yrs of related exp in 
the field of electrical engineering which incl exp 
with neural networks for flight control systems; 
exp with on-line system, work with eng software 
packages and exp with infaiieos and learning 
control theory. Salary $45K/yr. Location: 
Chattanooga, TN. Send resume to Charles 
Turner, TN Dept of Empl Sec, P.O. Box 11088, 
Chattanooga, TN 37401. Ref Job Order 
T™N1489573. 


Systems Engineer to design, evaluate & 
analyze system hardware & software on ex- 
isting test systems, & develop new test systems 
for domestic & international markets. Requires: 
M.S. in Electrical Engineering & 5 yrs. exp. in 
job offered or 1 year in a research & devel- 
opment position & knowledge in: R & D 
methods; PCB production methods; assembly 
language; automatic firing control systems; 
technical anes & digital & analog automatic 
control testing. Job Site: Carson City, NV. 40 hr. 
work week. Salary: $39,582/yr. Proof of autho- 
rization to accept permanent, full-time em- 
ployment in U.S. required if hired. Please submit 
resume and a copy of this ad to: # 9425742, 
Nevada Employment Security Div., 70 W. 
Taylor St., Reno, NV 89509-1700. 


Controls Engineer to design, develop & 
document control circuits & equipment specifi- 
cations for new & existing machines & trou- 
bleshoot & repair existing pss equipment 
controls; Reqs: Bach. in Electrical Engg. or 
Electrical Engg. Tech., 2 yrs. exp. in job offered 
or 2 yrs. related exp. as an Electrical Engineer. 
2 yrs. related exp. must include PLC pro- 
gramming, control circuit design & control circuit 
troubleshooting; $39,805/yr, 40 hrs/wk, 6:30a- 
3:30p. Send resume to 7310 Woodward Ave., 
Room 415, Detroit, Ml 48202. Ref. #84894 
“Employer Paid Ad” 


Fiber Optic Design Engineer needed to re- 
search, design, and develop specialized fiber 
optic cables for communication networks con- 
sisting of passive components, such as con- 
nectors and splices, and active components, 
such as lasers and laser diodes. Optimize 
cable designs to meet specifications for optical 

erformance in various operating conditions. 

tilize computer skills to allow programming 
and mathematical modeling of cable per- 
formance over a wide range of temperatures 
and loading conditions. Determine specifi- 
cations for installation and operation of fiber 
optic cables in order to maintain oe levels of 
optical performance over the cable lifetime. 
Design inspection instruments to test optical 
fibers, fiber optic cables or their parts for 
defects, such as excessive attenuation of 
transmitted optical power. Requirements are 
M.S. degree in Optics and Optoelectronics 
and computer fluency in Fortran, Basic, and 
Lotus 1-2-3 programs. Forty (40) hours/week 
- 9:00 a.m. - 5:00 p.m. Salary of $36,792 an- 
nually. Must have proof of legal ane to 
work permanently in the United States. All re- 
sponses must include Social Security Number. 
Send two copies of resume (no calls) to Job 
Service, Route 3, Box 153, Newton, North 
Carolina 28658, J.O. # NC4440238, DOT # 
003.061-034. 


Senior Systems Analyst: International 
graphics Seed and supplies company 
seeking enior Systems Analyst in 
Washington facility. Candidate will be re- 
sponsible for analyzing, developing, and mod- 
ifying complex software systems; designing, 
coding, testing and debugging programs. Must 
possess a bachelors degree in computer 
science or mathematics; a minimum of 2 years 
experience as a Senior Systems Analyst or 
Systems Programmer in the printing or pub- 
lishing industry; and one year experience with 
OS/2-1.3,2-1.2 Presentation Manager and 
Raina Data Server or Raina Data Manager. 
Must be prepared to travel and work “on-site” 
for extensive periods of time. Minimum 40 
hours per week at $54,000.00 per year. By 
October 30, 1994, send resume to: 
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Department, E&T 


Employment _ Securit 
-O. Box 9046, 


Division, JOB #440419, 
Olympia, WA 98507-9046. 


Program Manager: By November 1, 1994, 
pooce send resume to: prevent Securit 

epartment, E&T Division, Job # 450230-P, 
P.O. Box 9046, Olympia, WA 98507-9046. Job 
Order Number must be indicated on your re- 
sponse. Job Description: Designs complex 
software for micro computer software under 
limited supervision. Coordinates program de- 
velopment, writes functional specifications and 
standards, and performs functional verification 
of security and replication components of 
multiuser relational database software product 
for international markets. Works with documen- 
tation team to ensure accuracy and clarity of 
documentation and with marketing team to de- 
termine technical vision of — product. 
Requirements: Master’s degree in Computer 
Science; 20 course hours in database theory, 
computer networks, and computer security. Two 
years work experience in the job offered or as 
program manager for the development of 
personal computer database management 
system software for international markets, to 
include six months work experience in pro- 
gramming, See training or technical 
support regarding replicated database appli- 
cations and using advanced feature of Lotus 
Notes. Experience may be gained concurrently. 
Must have legal authority to work in the United 
States. Job Location: Seattle Area Employer. 
Salary: $49,500 - $52,500 per annum, de- 
pending on experience. Compensation package 
includes bonuses and stock options. 40 hours 
per week, flex time. EOE 


Senior Engineers/Specialists-Saudi Arabia: 
Specialists in Packet Switching including: 
Network planning, Customer Service, Training, 
Marketing, Transmission, Switching, Signaling 
and Power systems. B.S. Telecom, Bus. or 
Ese: oer only - minimum 8 years expe- 
rience. U.S.A., Canadian, Australian citi- 
zenship omy Positions require independent 
technical skills and ability to liaison with Saudi 
Government. Housing, transportation, etc. 
provided. 3 yr. contract. Single status. Salary 
range $40k to $60K U.S. ECSE, Telecom 
Consultants, Attn: M. Glenn, 1857 Colorado 
Ave., Boise, Idaho 83706. Tel. (208) 383-9090 
or Fax 331-3007. 


Optical engineer with excimer laser experience 
to develop an eye surgical device for human 
use. Call Dr. Epstein at 1-815-363-2020. 


Engineer, Software Development: Dev. & 
design VLSI CAD tools for IC place & route 
apps. PhD in EE, Comp. Eng. or Comp. Sci. 
reqd. $5666.66/mo. 40 hr./wk. Knlg. of VLSI 
sys. automation design methodology, stochastic 
search algorithm research (simul. evolution, & 
simul. annealing), CMOS module generator 
dev. for random logic synth., place & route 
technigy. poe -driven placement, global 
route), VLSI sys. & logic design, & C reqd. Job 
site/intrv.: San Jose, CA. Send ad & resume to: 
IEEE Spectrum, Box 10-1, 345 East 47th Street, 
New York, NY 10017. 


Electrical Engineer: 40 hrs./wk.; 9 am to 5 pm; 
$36,200 per year. Use programmable logic con- 
trollers to design and develop high level elec- 
trical systems for screen printing machines for 
use by printing companies. Must have 2 yrs. ex- 
pone in job offered or as a Senior Engineer. 

xperience in job offered or as Senior Engineer 
must include 2 years using Programmable Logic 
Controllers and doing technical drawings on a 
computer. Must have taken academic or non- 
academic course in Programmable Logic 
Controllers. Must have proof of legal authority to 
work permanently in the U.S. Send resumes to: 
Illinois Department of Employment Security, 401 
S. State Street - 3 South, Chicago, Illinois 
60605, Attention: James Gregory. Reference # 
V-IL 11937-Z. No Calls. An Employer Paid Ad - 
Send 2 copies of resume. 


Engineer, Software Ill, Chip Architecture: 
Responsible for developing, coding and de- 
bugging software for complex ae fora 
developer of integrated circuit products, in all the 
following areas: Synthesis, place, and route, 
timing optimization, and partitioning. Requires a 
M.S. degree in E.E. or C.S. & two years of ex- 





ee in chip architecture development or 
h.D. in E.E. or C.S. & adv. know. of chip archi- 
tecture development. Also requires knowledge 
of complete design cycle for programmable gate 
array; of CAD tools used in chip design, such as 
Viewlogic, Verilog, Berkeley MIS; of research & 
dev. of complex algorithms; of probability & sto- 
chastic modeling & simulation; of dev. of custom 
CAD tools used in electronic circuit design; of 
programming dev. & programming in C & UNIX; 
of compiler design & dev.; of VLSI circuit design 
& fabrication; of computer design internals. 
$63,000/yr. 40 hrs./wk. Job/intrv. site: San Jose, 
CA. Send ad w/resume to Job # JB50012, P.O. 
Box 269065, Sacramento, CA 95826-9065. 


Controls project engineer for industrial 
controls & automation systems company in NE 
Ohio. Duties are: design, implement & test au- 
tomated control systems for steel rolling & pro- 
cessing; analyze user automation needs; 
conduct field studies on customer's existing 
equipment & electrical schematics; develop 
electrical diagrams, layout drawings & system 
specs; design electrical, electronic & software 
linkage for user equipment with monitoring 
devices; design Distributed Control System 
hardware, software, simulation & process opti- 
mizations. Tools used: Allen-Bradley Pro- 
ree Logic Controllers, Intel Multibus 

ontrollers & Reliance Programmable Logic 
Controllers. Must have M.S. in Electrical 
Engineering or Systems Engineering or 
Computer Engineering and 2 yrs exp in job de- 
scribed or 1 yr exp with writing software for 
control systems for steel rolling using at least 
2 of the aw wien 3 controllers: Intel Multibus 
Controllers, Reliance Programmable Logic 
Controllers or Allen-Bradley Programmable 
Logic Controllers and one year work or 
graspale research in A/D conversion, real time 

ata acquisition, process control design. 40 
hrs/wk, 8am-5pm, Mon-Fri, $43,160 per yr. 
Must have proof of legal authority to work in- 
definitely in U.S. Send resume in duplicate (no 
calls) to R. Lechler, Job #00229, Ohio Bureau 
of Employment Services, PO Box 1618, 
Columbus, OH 43216. 


Object-Oriented Technologist: The ideal can- 
didate will meet or exceed the following re- 
quirements: Masters oe in software engi- 
neering or equivalent, Ph.D. desirable; three 
years 1O experience; demonstrated excellence 
in teaching/consulting/programming; knowledge 
in and of the following specialized areas: C++, 
Smalitalk, systems design, database design. 
Duties include training and consulting. Customer 
sites vary geographically; most positions require 
travel. Relocation to corporate headquarters not 
required. Top salary for top people. Contact: 
Madeleine Moore, Secretary at Paradigm Shift, 
Inc., P.O. Box 5108, Potsdam, NY 13676, Fax 
315-353-6110, moore @parashift.com. 


In Seattle, WA; software engineer, export 
for US-made software and related hardware. 
Write software in various languages, including 
C, custom tailor program to customer needs. 
3 yeas experience in Russian computer dis- 
tribution channels. Travel regularly to Russia. 
B.S. in computer science or related science. 
Fluency in Russian and English. 40 hpw, 
9:00am - 5:30pm, $45,000 yr. BY November 
1, 1994, send resume to: Employment 
Security Department; E&T Division, Job # 
431261; Post Office Box 9046; Olympia, WA 
98507-9046. 


Electrical Engineer: Design, development & 
testing of electromechanical & electrical 
switches & sensors for automotive applications. 
Responsibilities include writing component 
technical specifications & test procedures; 
bench goa competitive products, durability 
testing, reliability & failure analysis using design 
of experiment techniques & cost qualit 
pre Sea Salary, $18.87 per hour, 40 hour wee 
(8:00 - 5:00) overtime at a rate of $28.31 per 
hour. Requirements, Masters degree in 
Electrical Engineering; 1 college level course in 
Transducers & easurement; Electronic 
System Design; must have completed 1 
oe level course in each of the following - 
lectronic Control Systems; Direct Digital 
Control; Design of Experiments & Computer 
Nel in Engineering. Send resume to: 
SC, 7310 Woodward Ave., Rm. 415 (Ref. 
#91394) Detroit, MI 48202. Employer paid ad. 
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A New Approach to Scientific Data Analysis 
Analysis Advisor is a free interactive analysis software tuto- 
rial that includes demonstrations of graphical and traditional 
programming methodologies for analysis. Using this inter- 
active tutorial, you can investigate Digital signal processing, 
Digital filtering, Windowing, Curve fitting, Signal averag- 
ing, Simulation, Interpolation, and Descriptive statistics. 
Requires Windows 3.1 and 8 MB of memory. 

National Instruments 
6504 Bridge Point Parkway, Austin, TX 78730-5039 
Tel: (512) 794-0100 
(800) 433-3488 (U.S. and Canada) 
Fax: (512) 794-8411 
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5 MHz DATA ACQUISITION 


The ultimate 12-bit data acquisition board can 
acquire 8 Million A/D samples while simultaneously 
outputting 8 Million D/A samples and TTL vectors, 
from your SUN Workstation. 

Four analog inputs, twin 5 MHz 12-Bit A/D and 
D/A converters, and huge 16 MB RAM allow use 
in the most demanding scientific and industrial 
applications. 


ULTRAVIEW CORP., 475 Yampa Way, Fremont, CA 94539 
PHONE (510) 657-9501 HA 
Fax (510) 657-0927 ULTRAVI EW//) 
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The Product Profiles advertising section provides a 
monthly, distinctive focus on both new and 
commercially established products and services 
that offer practical solutions for engineering and 
scientific professionals in today’s fast-paced, 
rapidly changing high-tech environment. 


Circle the corresponding number 
on the Reader Service Card. 
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New, DC/DC Catalog has 100+ Products 


New, full-color catalog covers complete line of low-cost, 
modular, plug-in DC/DC Converters: 3-50 Watts, 
single/dual/tiple outputs, wide input ranges (9-36V, 18- 
72V), isolated and non-isolated designs, many 3.3V 
devices. Industry standard pinouts and packages. Describes 
custom capabilities and new EMI/EMC facilities. 
DATEL, INC. 
11 Cabot Boulevard 
Mansfield, MA 02048 
(508) 339-3000 
(800) 233-2765 
FAX: (508) 339-6356 
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Best Value in the World 
for 


POLYIMIDE & FR4 
1 to 5 DAY TURN 
1 to 12 Layers 
PRINTED CIRCUIT PROTOTYPES 
2 PIECE PRICES FOR FR4 .062 Th 





™@ 5 PIECES x 1.34 Mi 5 DAY PRICES ABOVE 
@ 10 PIECES x 1.67 Mi ULLISTED 


[Ge CAPABILITIES DISCOUNTS 
@ Buried & Blind Vias 


= 
paves IH Polyimide Multilayer (ed 
coin @ Full Body Gold 5% 
WH Gold Contacts - $50 HH Carbon Paste e 
BH 25% - Below8 Mil Hole @ Tin nickel burn-in boards 
cows’ SMT-SMOBC @ cop 
- Below 15 MilHole jj Up to 22 layers 10% 
@ SMOBC & LPI- $50 ‘Ml Impedance control boards ‘° 
FOR MORE INFORMATION CALL OR FAX 


Ken Bahl M1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408) 735-7137 FAX (408)735-1408 Modem (408) 735-9842 


BH Photo Plotting 
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RS232 Direct Into 
Any PC Program 














Read Real-Time Data from Any Serial Device 
into Any Application - Lotus, dBASE, Excel, etc.. 
Full 2-way I/O with many advanced features. 
No Hardware or Programming Required! 


The SoftwareWedge" 


The Ultimate Data I/O Solution 


For Free Info. Call 800-722-6004 


DOS ver. $129, Windows ver. $199. Pro ver. Available 
ab pk Fe TALL. Enterprises, 2022 Wallace St., 
Philadelphia, PA 19130. (215) 763-2620 
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QuickField 


The Smart Choice for 
Electromagnetic 
Simulation 


* Ideal for designing electric motors, solenoids, 
permanent magnet devices, magnetic shields, 
disk drives, and other electrical systems. 

¢ Unparalleled efficiency, model and solve your 
complex design problems in minutes on a PC. 

¢ Ultimate in user-friendliness, start modeling 
your problems within hours without training. 

* Sophisticated pre-processor, DXF translator, 
transparent meshing. 

* Powerful post-processing calculator: fluxes, 
forces, torques, inductances, capacitances... 

* Multi-field coupling, run thermal and stress 
analysis on your EM models. 

* Incredibly low prices. 


Call for your evaluation copy. 


w=. Tera Analysis 


Tel: (818) 831-9662 FAX: (805) 493-2172 
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Software Developers 
Include OCR/ICR modules 
into your software. 


Unbeaten quality in handprint recogni- 
tion. Also available machineprint, 
OCRA, F7B.... 


Ready for use, no training needed. 
More then 500 licenses sold in the first 
months. Developer kits for C/C++ for 
Microsoft, Watcom, Borland, 
SCO-UNIX ... . 

DOS, Windows, OS/2, several UNIX- 
Versions supported. 


y re Recognition 
re Technology GmbH 
NuBdorfer Str. 51, 88662 Uberlingen/Germany 
Phone +49-7551-2071, Fax +49-7551-66671 
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TI-MULTITRACE 





DEVICE AWALYSIS 


Digital sampling IC curve tracer 

Curve trace up to 625 pins in minutes 
Measures V/I characteristics on any 
electronic device 

Switch matrix available with relays or FET 
switches for up to 6 channels 

CMOS latch up testing 

DC parametric analysis 

Upgradeable, expandable and 100% 
IBM compatible 


{UTI UltraTest International, Inc. 
UES 142 charcot Avenue San Jose, CA 95131 
408-433-2244 Fax: 408-433-5508 








DISTRIBUTOR INQUIRIES INVITED 
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16 Bit Control 


& Data Acquisitig System 







Powerful, 
Easy to use, 


from 
$299 Tons of Memory, 
VO & features: 
16.8MHz 68HC16 34 digital I/Os (7 IRQ) 
RS-239 & RS-485 + LCD/Keypad port 
RT clock option + 8 ch 10 fast A/D 


Affordable “C” compiler/lirary 
Multi-tasking kernel 
Up to 256K ea. SRAM, FLASH memory 


INTEC INOVENTURES INC. 


Ph: (604) 721-5150 FAX: 721-4191 
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Your Ad Here! 





YOUR HEADLINE 
This area may be used by advertisers to 
detail their ad message in 50 words or 
less. Just provide typed copy with appro- 
priate direction for emphasis (bold, 
underscore, etc.) we'll do the rest. Be 
sure to include repros of your company 
logo, etc. Indicate if you wish us to set 
addresses, phone #, etc. For rates and 
production information, phone 908-562- 
6334. 

COMPANY NAME/LOGO HERE 
Mailing Address/Phone 
AD SIZE: 2%" x 3" 








ProtoSim" 





Grumman Fi4 Benchmark 














; {yeahh 
O—fo2 HH = G—G—foro Co 
Affordable PC based graphical block 
diagram software for modeling, analyzing 
and simulating linear and non linear dynamic 
systems. This new version contains Bode 
and Nyquist analysis, FFT, selectable time 
bases, digital filter simulation capability, fast 
signal convolution, and more. Used by indus- 
try and universities for the rapid design and 
simulation of systems and components. 


A great buy at only $149 
plus shipping and handling 


Systems Engineering Associates Inc. 
Box 3417 RR#3 Montpelier, VT 05602 
(802) 223-6194 
Fax: (802) 223-6195 
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>» Passive LC 
Crystal 
Microwave 
Active RC 
> Switched Capacitor 
IIR and FIR Digital Filters 
: ...iS still unsurpassed by any 
: other filter-design program 
: in existence. 


Powerful & : 
General : 
Filter Design : 


»* New Version 3.0 is now available with New 
Features, New Manual and New LOW Prices. 


The program that provides 
more options, more accuracy, 
more implementations and more 
efficient solutions—S/FILSYN 
gt ae, 
rochures an 
prices 41 5 325-4373 
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UTI-PROTECH 





BOARD REPAIR 


Easy to use in-circuit clip tester 

Rapidly locate defective components 
Repair boards quickly and economically 
Graphical on-screen operator guide 
Test programs that “learn” from your 
powered circuit boards 

Pre-programed device test library 

32 to 128 pin test capability 


{UTI UltraTest International, Inc. 
AA! 142 Charcot Avenue San Jose, CA 95131 


408-433-2244 Pax: 408-433-5508 











DISTRIBUTOR INQUIRIES INVITED 
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C40 
Parallel DSP 
SOFTWARE 
manne 


on programming multi-C40 DSP 
projects in 3L Parallel C, the 
leading Parallel DSP software. 


3L LTD, 86/92 CAUSEWAYSIDE, EDINBURGH EH9 PY, SCOTLAND. 
TEL: +44 131 662 4333 FAX: +44 131 662 4556 
E-MAIL: Threel@ThreeL.co.uk 


oe 
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C-Programmable Controllers 
Use our controller as the brains of your next 
control, test or data acquisition project. From 
$149 qty one. Features 1/0 to 400 lines, ADC, 
DAC, RS232/RS485, printer port, battery-backed 
Clock and RAM, keypads, LCDs, enclosures and 
more! Our simple, yet powerful, Dynamic C™ 


makes programming a snap! 
24-Hr AutoFAx: 1724 Picasso 
916.753.0618. Davis, CA 95616 

Call from your FAX. 916.757.3737 Y 
Request catalog 18. 916.753.5141 FAX 
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PRODUCT PROFILES 





LINESCOPE ™ v.3.0 (Now for DOS) 
High Speed Signal Integrity Simulation Software 
Sige ESERIES et ET 


integrity simulation software in the world. LINESCOPE uses 
the configuration and geometry of your interconnect as input 
and produces outputs displaying: Time Delays, Dispersions, 
Reflections, Skin Effect, Line Impedance and more under the 
simulated operating clock and frequency. Vary any design 
parameter and quickly view theeffect on output voltage/current 
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NATIONALLY 
Gar rett IEU, Inc. FRANCHISED 


ELECTRONIC COMPONENTS DISTRIBUTOR 


A source designed to supply your 
engineering requirements for 


SURFACE MOUNT 
COMPONENTS 


¢ Same day service 





¢ Engineering design kits 
¢ Prototype quantities 
- Partial reels or full reels 





* resistor chips * ceramic capacitor chips 

* tantalum capacitors « inductors * diodes 

* transistors * networks ° trimmers 
Catalog available upon request 


3070 Skyway Dr #104 Santa Maria CA 93455 
ph 805 922 0594, 800 767 0081, fax 805 922 3643 
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3D Analysis 
3D transient solution is now available for Mag- 
Net v5.1 for Windows/UNIX. Voltage or current 
waveforms can be entered by the user, anda 
full time-stepping solution is generated. 
Start-up conditions and effects of control cir- 
cuits can be examined for motors/transform- 
ers/etc... Free demo disk. 
INFOLYTICA: the e-m specialists 

US/int'l: (514) 849-8752; fax: (514) 849-4239 
Europe: +44.71.584.5413 Japan/ADTECH: (03) 5276-5291 








Circle no. 67 








Adalat DOR PAU UE 


ELECTRICAL ENGINEERING, 
ELECTRONICS & COMPUTING 
PROFESSIONALS HAVE IN COMMON? 


The Institute of Electrical and Electronics Engineers 


JOIN TODAY AND ENHANCE YOUR POTENTIAL FOR PROFESSIONAL SUCCESS 
STAY CURRENT WITH TODAY’S TECHNOLOGY 


IEEE is the largest publisher of technical information in the 
field.....all available at low member prices 


ENHANCE YOUR CAREER BY NETWORKING 
IEEE conducts more than 300 major conferences and 5,000 local meetings 
annually that provide first-hand knowledge of new product developments 


and access to colleagues on the cutting edge of your technology. 


RECEIVE YOUR OWN SUBSCRIPTION TO SPECTRUM 


IEEE Spectrum, winner of the prestigious National Magazine 
Award, delivers the latest technical information in a practical 
context and reveals the relationship between your career and 

trends in politics, business, academia and the economy. 


PLAN For YOUR FINANCIAL FUTURE 


IEEE members in the United States can take advantage of 
financial and investment services like mutual funds, loans, credit 
cards and insurance...all at prices non-members simply can’t get. 


ge 


IEEE 


THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC. 


CONTACT US NOW FOR AN APPLICATION 
Telephone: 1-908-981-0060  1-800-678-IEEE 
E-Mail: member.services@ieee.org @ Fax: 1-908-981-9667 
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KUWAIT UNIVERSITY 
Computer Services 


Kuwait University invites applications from highly skilled computer professionals for its Com- 
puter Center to provide necessary support and to develop essential human resources. Applicants 
should be fluent in English; bilingual proficiency (Arab/English) desirable. 

Applicants should be highly motivated to assume the following responsible positions for the Uni- 
versity’s academic and administrative computing needs utilizing Super Main Frame VA X-9000/420, | 
IBM Main Frame ES-9121/440 and UNIX Workstations connected through LAN/Ethernet. 


SECTION HEAD: 

Networking and Communication (K.D. 840-1040) 
B.Sc. in Computer Science/Engineering; M. Sc. preferred; minimum of eight year’s experience in: 

design, implementation, management and control of multivendor, multicampus computer commu- 

nication networks and related equipment/software products covering Fibre Optic Networks and 

Multi-media data communications. Familiarity with TCP/IP, X.25 INTERNET, IBM SNA, DEC- 

NET/LAT, NOVELL/LAN MANAGER, ATFM/FDDI is essential. 


SENIOR SYSTEMS PROGRAMMER: 

IBM-CICS/ESA and MVS/ESA (K.D. 740-940) 
B. Sc. in Computer Science/Engineering; M. Sc. preferred; minimum of six year’s experience in 

installation, customization and programming of CICS/ESA, OMEGAMON in MVS/ESA environ- 

ment supporting local/remote terminals and printers. Familiarity with the latest version of 

CICS/ESA, MVS/ESA, SMP/E, DFHSM, RACF, SMS, OMEGAMON is essential. 


SENIOR SCIENTIFIC PROGRAMMER 
VAX/VMS and UNIX SPECIALIST (K.D. 740-940) 
B. Sc. in Computer Science and Engineering; M. Sc. preferred; minimum of 6 year’s experience 
in using VAX/VMS user level commands, utilities and programming environment is a must. Famil- 
iarity with UNIX and experience in the following areas will be considered essential; VAX/VMS & 
UNIX shell programming; MOTIF/X-windows, use and programming; Client/Server, parallel and 
distributed computing concepts; TCP/IP networking concepts and use; setting up and running 
INTERNET Information Servers (News, Gopher, WWW, etc.). 


BENEFITS: 


** Housing allowance of K.D. 150 per month 

* Annual family air tickets as per University rules 

* Tax Free Income 

* Gratuity, Annual Vacation, etc. as per University rules 


(1 K.D. = $3 approximately) 
Interested applicants should mail their Curriculum Vitae, clearly indicating the position applied for to: 


The Vice Rector for Academic Support Services 
Kuwait University 
P.O. Box 5969 
Safat, 13060, KUWAIT 











PROFESSIONAL CONSULTING SERVICES 


12 insertions—$4056 


ADVERTISING RATES 


50% discount to IEEE members on three or more insertions. 
Hf you are an IEEE member, please enclose your membership number with the order. 
Copy cannot exceed 1-inch in depth 
No product may be offered for sale. 
Advertising restricted to professional engineering and consulting services, 
No orders can be accepted by telephone, order and copy must be sent together. 


1 insertion-$338 


For any further information and closing dates please contact Advertising Production, 908-562-6334 





THE CONSULTING GROUP 


Multi-Disciplined Engineers with P.E./Ph.D. 

¢ Microwave, RF, Fiber-Optic Systems Design 

* Oscillators, Amplifiers, Filters, Antennas, 
Synthesizer/PLL Design, Microprocessor, 

Communication ckts. Industrial Power System. 

R&D, Prototyping & Testing in our Lab facilities. 

119-40 Metropolitan Ave., Ste. A2, Kew Gardens, NY 11415 

Ph. (718) 846-5400 Fax (718) 846-2440 








RAINES ELECTROMAGNETICS 
Consulting Since 1972 
* On Site Measurements of Electric and Magnetic Fields 
¢ Design, Analysis, and Numerical Simulation of 
Electromagnetic Radiating and Scattering Systems. 


* Applications to Telecommunications, Radar, Radio & Television 
Broadcasting, Power Lines, and Architectural Shielding. 


Jeremy K. Raines, Ph.D., P.E. (301) 279-2972 


CONTROL SYSTEM CONSULTING 
¢ Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 
¢ Electrical, mechanical, hydraulic 
¢ Defense, aerospace, industrial experience 


30 East Gate Road A.R. Hazelton 
Danbury, Conn. 06811 (203) 743-7002 


IRA J. PITEL, Ph.D. 
Consulting, Research and Development 
in Power Electronics and Magnetics 
Power Supplies, Inverters, Converters, Motor 
Drives, Lighting Controls, Industrial Controls, 
Transformers, and Special Magnetics. 


MAGNA-POWER ELECTRONICS, INC. 
135 Route 10 Whippany, NJ 07981 
201) 428-1197 Fax (201) 428-2853 


LEONARD R. KAHN, P.E. 


Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversity Reception - Stereophonic Systems 
Modulation Systems 
Registered Patent Agent 


222 Westbury Ave. 
Carle Place, NY 11514 
516-222-2221 


INTEGRATED OPTICAL CIRCUIT CONSULTANTS 
Consulting, Contract R&D, and Prototyping 
Integrated, Fiber, and Guided-Wave Optics 

¢ Applications Engineering 
¢ Design, Fabrication and Evaluation 
* Critical Analysis of Technology 
* Troubleshooting 
* Marketing 


R.A. Becker, D. Sc. : 
10482 Chisholm Ave. 


President 
(408) 446-9812 Cupertino, CA 95014 
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Sywcuro Desien Inc. 

DESIGN OF MIXED-SIGNAL INTEGRATED CIRCUITS 
ENGINEERING SYSTEM INTERFACE THROUGH SILICON 
SPECIALIZING IN HIGH DYNAMIC-RANGE APPLICATIONS 
* ANALOG-TO-DIGITAL AND DIGITAL-TO-ANALOG CONVERTERS 
* SWITCHED-CAPACITOR FILTERS 
BUFFER AMPLIFIERS * PHASE-LOCK LOOPS 
« LOW-VOLTAGE ANALOG-CMOS CIRCUITS 
Contact: Daniel Senderowicz, Ph.D. 

2140 Shattuck Avenue, Suite 605 Phone: (510) 486-0797 
Berkeley, California 94704-1210 — E-mail: daniel@synchrods.com 


CONSULTING & PROTOTYPES 


BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 


MAGNA PHYSICS JAMES R. HENDERSHOT 
100 Homestead Ave. TEL: 513-393-9835 
HILLSBORO, OH 45133 FAX: 513-393-9836 















Patent Attorney 
Robert E. Malm, Ph.D. (M.LT.) 
Attorney At Law 
Post Office Box 522 
Pacific Palisades, CA 90272 
Tel: (310) 459-8728 
Fax: (310) 573-1781 


Richard W. Brounley, P.E. 
RF ENGINEERING CONSULTANT 
Specializing in the design of solid state 
RF transmitters and associated circuits 
¢ Complete RF laboratory facilities « 
¢ Prototype Development ¢ Pilot production runs « 
¢ Production follow-up * 
7381 114 Ave. N., Unit 410 
Largo, FL 34643 
(813) 546-9371 


Princeton Electro-Technology, Inc. 


MAGNETIC CIRCUIT 


DESIGN & PROTOTYPE DEVELOPMENT 
MOTORS, ACTUATORS, SENSORS & MAGNETS 


Peter Campbell, Ph.D., M.A., President 
7300 W. Camino Real, Suite 131 Tel: (407)361 0773 
Boca Raton, Florida 33433 Fax: (407)361-0877 


McGlew & Tuttle, PC. 


PATENT, TRADEMARK, COPYRIGHT LAW SINCE 1960 


PATENT AND TRADEMARK PROSECUTION 
FEDERAL LITIGATION 


TEL: 914 941 5600 
FAX: 914 941 5855 


PATENT A rr ORNEY 


JAPAN 
TAKADA & ASSOCIATES 


Specialty: electrical, electronic, 
telecommunications, mechanical, 
trademark, and servicemark cases 

Hanabusa Bldg., 12-6 Minamiaoyama 5-chome 

Minato-ku, TOKYO, JAPAN 


Fax: (03) 5485-9147 Phone: (03) 5485- 


PATENT SERVICES 


computer and electronic arts 


Philip O. Post 


Patent, Trademark and Copyright Law 
Phone: (800) 435-0353 


FAX: (609) 667-7673 
call for brochure of services 





TALBOT TECHNOLOGY CorP. 


4 TECH. Dan Talbot 
President 


CONSULTING IN: 

+ ELECTRONICS FoR FIBEROPTICS 

+ ANALOG/RE/VIDEO/PLL oR DDS FREQ. SYNTHESIS DESIGN 
« CusTOM ANALOG OR MIXED ASIC DESIGN 


P.O, Box 151, Hupson, MA 01749 PHone: 508-562-5820 Fax: 508-568-1219 


KIERNAN ENGINEERING 


Electrical, Electronic, and Electro-mechanical Parts Engineering 


Parts Selection and Documentation 
Program Parts List Preparation and Review 
Parts Control Program Documenation 


Gerard F. Kiernan, P.E. 
5309 Riverdale Road, Ste. 725 
Riverdale, MD 20737 


Tel: 301-779-7073 
Fax: 301-779-7162 


RS ea 


DESIGN CONSULTATION AND DEVELOPMENT 

* Superconducting VAR Compensators 

¢ Magnetic Levitation/MAGLEV 

¢ Linear Propulsion Motors 

¢ Magnetic Metals Separation 

Electromagnetic Mass Launchers 

¢ Superconducting Generators 
15306—-A Diamond Cove Terrace Tel: (301) 869-8700 
Rockville, MD 20850 FAX: (301) 869-6220 


MOTOR DESIGN 
«DC & AC motors (fractional & multi H.P.) « 
Computer modelling (F.E.A.) * Prototyping and test- 
ing ¢ Technical seminars ¢ Motion control « Magnetic 
devices * Magnet charging Solenoids « Actuators « 


G’ CONSULTING 
Services since 1987 


GEORGE P. GOGUE, Ph.D. 
16985 S.W. Kemmer Road, Beaverton, Oregon 97007 
Phone: (503) 590-9014 Fax : (503) 590-9015 
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p |SNR 
Sensing & Measurement European Patent Attorney acuaered gnal De 
. * x ing. Umberto MONTI * Multimedia CODECs * Modem Front-Ends + Video Converters 7 

Design, Prototyping, Contract Mfg. Via Washington 48 + High Resolution Delta-Sigma Audio * High Speed Digitizers + 
20+ years of sensing, imaging, measurement & 1-20146 Milano Italy Over 10 years experience designing parts for production 
microprocessing experience solves problems , + Switched-Capacitor, Continuous-Time and Digital Filters « 
& one to eA faster P Tel (39.2) 4985057 Fax (39.2) 4817645 + Interpolation and Decimation * High Performance Analog CMOS + 

2 ae are eae - Complete top-down capability: architecture, design, and layout 
800-550-7301 WINTRISS Filing & prosecution of European and ; eee 


ENGINEERING natonalseatentanplennone P.O. Box 43206 Tel: (512) 295-3178 
CORPORATION E PP Austin, TX 78745-0206 Email: info@snr.com 


























HARMONIC FILTERS/POWER FACTOR 
CORRECTION MODULES FOR SINGLE AND 
THREE PHASE DISTRIBUTION SYSTEMS 
CUSTOM TRANSFORMER AND REACTOR 
DESIGN SERVICES AVAILABLE CONTACT: 

D.V. LEPPERT. P.E. OR A.V. PALERMO 
SUNALEX CORPORATION 
5955 NW 31 AVENUE 
FT. LAUDERDALE, FLORIDA 33309 
305-973-3230 — FAX: 305-971-3647 

















ANTENNAS for WIRELESS PRODUCTS 
INTEGRATED and MINIATURE ANTENNAS 
DSP and LOW COST DSP ALTERNATIVES 


Steven L. Myers, Ph.D., P.E. 
President 


MYERS ENGINEERING INTERNATIONAL, INC. 


POB 15908, Ft. Lauderdale, FL 33318-5908, USA 
Tel 305-345-5000 Fax 305-345-5005 


by: Dr. Alan L. McBride 
...a founder of AT&T Tridom; a VSAT company... 


vVSAT Planning / Response Time Analysis 
¥ Strategic Planning / Network Availability 
/ System Engineering / Statistical Modeling 


Contact. McTeltek 
Alan L. McBride, Ph.D Consulting 


Voice: 404-736-0702 2974 Moore Avenue 
Fax: 404-978-6596 Lawrenceville, GA 30244 













MATHEMATICAe MAPLE 
TRAINING & CONSULTING 


N. Blachman 


Mathematical Software Specialist v a" 


Variable Symbols, Inc. 
6537 Chabot Road en ea F 
Oakland, California 94618 | ————— 


510°652°8462 
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Structured Methods 
Instruction & Tools ¢ Requirements ¢ Architecture 
Analysis and Modeling 
Control ¢ Communication ¢ Sensors 
Kip Haggerty, PhD, PE Leslie Haggerty 
P.O. Box 727 Ph: (310) 679-2440 
Lawndale, CA 90260 Fax: (310) 679-7607 


IBM 
Dr. Jacob Savir 
Test Consulting 
Built-in Self-Test, Design for 
Testability, Delay Test, Chip Level, 
MCM Level, Board Level, System Level, 
All Technologies 











IBM, East Fishkill Facility Tel. (914)892-3258 

1580 Route 52 Fax: (914) 892-6790 
Hopewell Junction, NY 12533-6531 Email: savir@vnet.ibm.com 
321-2/5E1 
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Announcing a new IEEE 
Videoconference 


MAXIMIZING 


|PRODUCTIVITY: | 


Redesigning 
The 
Engineer 
And Designing 
For Maintainability 


Wednesday, December 7, 1994 
12:00 - 3:00 pm ET 


This program 
will help engineers... 


Take a broader perspec- : 


tive of process steps and 
concerns which will 
bring about reductions 
in cycle time 


Eliminate the “Not- 
Invented-Here” s 
drome by planning for, 
implementing an 
adopting the reuse of 
existing designs 


Continuously engage in 
process improvement 


Improve the personal 
ski s expected of the 
engineer 


Available at per person 
prices to $100 and 
site prices to $1800. 
Volume discounts available 


Contact IEEE 
Educational Activities 
for more information 
Dr. Robert Kahrmann 

908 562-5491 

fax 908 981-1686 


email: r.kahrmann@ieee.org 








Coming 
in Spectrum 





UNEMPLOYMENT FRONT. A number of the en- 
gineers who fell prey to the cutbacks in the 
defense and aerospace industries tell 
Senior Editor Trudy Bell about their expe- 
riences. Despite the statistics indicating 
some improvement in other parts of the 
economy, the job outlook in these areas is 
not rosy. 


GOOD THINGS IN NEW PACKAGES. This fall’s 
software report has two focuses. The first 
is newly available packages for mathe- 
matical manipulation (subdivided into 
symbolic and numerical calculations), and 
the second is design automation (also sub- 
divided into software for data analysis and 
visualization). 

Two additional articles tackle other de- 
sign software. One discusses tools for de- 
signing integrated circuits with channel 
lengths of one-half micrometer or less. The 
other deals with new approaches to the 
design of field-programmable gate arrays. 


SWORDS = PLOWSHARES. With the decline in 
defense spending, companies with a military 
or aerospace orientation are wondering how 
best to deploy their idle manufacturing ca- 
pacity and remaining personnel. One road 
out of their predicament is to develop sys- 
tems having both military and commercial 
applications. And there is a methodology 
for doing just that. 
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COREL OKAW/ 


The Award Winning 
Graphics and Publishing Team! 


















CorelDRAW 3 is so easy to use! With precision 
type control, amazing special effects and powerful 
.\ illustration tools, CorelDRAW 3 is the ideal entry-level 
$99-°° » graphics package. CorelDRAW 3 includes CorelCHART, 
CD-ROM Version » |=) Corel PHOTO-PAINT, CorelSHOW, CorelTRACE 
and Corel MOSAIC. 


CorelDRAW 4 is the complete graphics solution. 
With all the power and modules of CorelDRAW 3, 
CorelDRAW 4 also includes dozens of new artistic and 
technical enhancements, an object-orientated animation 
module, OCR capabilities and multi-page layout. 


Cee eA} 






CorelDRAW 5 combines the graphics power of 
CorelDRAW and the advanced publishing capabilities of 
Corel VENTURA 5 within an integrated user interface. 
CorelDRAW 5 has all the modules of CorelDRAW 4 plus a 
revolutionary color management system, major gains in 
speed and performance, and hundreds of improvements. 


SSS 


Ss 
Saey) 
: 


Call for the location of the Egghead Software 
store nearest you. To order directly from our 
Eggspress Ordering Service, please call 







Hearing and Speech Impaired customers can reach us by calling 


KUR-0070 











*US$ plus applicable taxes after CUE. 






Enter the Corel $2,000,000 World Design Contest 
and win! (September to March) To receive a faxed 
copy of the contest rules and an entry form please call: 


1-613-728-0826 ext. 3080, Document #1004. COREL 
To leave a message please call: 
1-613-728-0826 ext. 1609. 1-613-728-3733 ext. 32 
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Hypersignal® for Windows™ 
Comprehensive Visual Design Environment 


e t AEE OM AOC M aL REC TUB pec C mee rae 
ea ures File Edit View Mode Run Functions Displays External ls aoe Help 





* Open software architecture 
¢ Hierarchical Design 


* Simulation at executable (not = 

interpretive) speed Rae 

¢ Industry Standard Real-time | [rar 
DSP Board Support 


* User Controls for custom dials, 
knobs, meters, etc. 


* C source code generation 


* Support for many different DSP 
chips (fixed and floating point) 


« Automated block generation for 
user developed blocks 
* Run-time support for user- 
developed applications oe 
PRN 


* New Advanced Transmission — eee 
library for specialized communi- 
cations projects ee 


SBLOCK\REGEN.LST] (Active) 


[Single Channe Display! 


Discrete Hartley Transfom 
Length 
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* Many new functions and trans- aS nRRT RSS Simulation Environment 


forms, including Wavelets Hypersignal’s open software architecture allows virtually limitless simulation/modeling to be per- 
formed for proof of concept designs, saving valuable engineering mantime. 


Applications / _ 
* Visually Programmed DSP Algorithm Development . 
* Rapid Prototyping of products and systems 
¢ Virtual Instrumentation and Data Acquisition projects _ 
* Many types of Simulation and Systems Modeling 
* Real-time DSP and related Engineering Efforts 
* Many other Research and Development projects 


Yew tions 
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. 1930. 1994 Hlyperception. Inc 


SR Ree ee pee 
Wiis Ad el chads ANSI C source code generation from visually Ceca 


Real-time DSP support using device independent DSP 
Board Drivers under Windows. This real-time graphical 
software language allows quick development of projects. 


algorithms reduces design time for real-time projects 
through DSP.C cross compilers. and allows portability to 
other ¢ native platforms. 





10th Anniversary 


International Distributors 
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FUNCTION CENENATON, 


5 Hynneretin, ine. 
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_ New User Control Interface 
New User Controls allow fora greater variety of custom 
interface for both simuladons and real-time projects. 


ieee terol one) information, new free 
VideoTape Demo and DSP 
Sourcebook, contact: 


Hyperception, Inc. 
elato(0) sy tanta Bei eas 
Dallas, TX 75243 


Phone (214) 343-8525 * Fax (214) 343-2457» 
BBS (214) 343-4108 
for E-Mail information on Internet: 
info@hyperception.com 






The Leader in DSP 





AUSTRALIA - Electro-Optics Pty. Ltd., phone: (02) 654-1873, fax: (02) 654-1539 * BELGIUM - Eurodis-Inelco, phone:(02) 244-2924. fax:(02) 216-4606 * DENMARK - Assentoft Electronics, fay Scio) tekvas Lom halt) oe 0 
12" FINLAND « Farnell Electronic Services, phone: (90) 739-100, fax:(90) 712-414 * INDIA - Dynalog MicroSystems Pvt. Ltd., phone: (22) 5170514, fax: (22) 5171979 * JAPAN ~ Sumisho Electronics, phone:(03) 5228-5633, 
fax: (03) 5228-5621 * KOREA - Seoll Enterprise, phone: (02) 921-4127, fax: (02) 921- 6437 * NETHERLANDS - Transfer EDS, phone:(053) 330336, fax:(053) 340336 * SINGAPORE - Neurotech PTE Ltd., phone: +65 334-7080, 
fax: +65 336-7304 * SOUTH AFRICA - Technology Marketing Solutions, phone: (011) 882-6837, fax:(011) 640-3804 * TAIWAN - Exartech International, phone:(02) 977-6828, fax: (02) es * . K,, IRELAND - Loughborough 


Sound Images, Ltd,, phone; (0509) 231843, fax: (0509) 262433 
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